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PREFACE 


This book is intended for all those readers who are interested in the analysis and planning 
of airports. In particular, the book focuses on the most important aspects of analysis, such as 
congestion and delays of users, aircraft/flights or atm (air transport movements), passengers, 
air cargo shipments, demand, capacity, and the outcome from their dynamic interactions. 
With such scope, the book enables easier understanding of the current and prospective 
processes in the above-mentioned domain, and as such, it could be of particular interest for 
the wide spectrum of readers in the field. These could be the airport, airline, and the ATC (Air 
Traffic Control) planners and managers, the aviation consultants, researchers, analysts, and 
academics, and to a certain extent, users, air passengers and air cargo shippers. Either way, 
the readers should possess some pre-knowledge on airport analysis and planning in order to 
follow the book’s topics efficiently and effectively. 

Since air transportation has become a global business, the book is supposed to be 
readable worldwide because it deals with the generic problems and corresponding solutions 
with which, under varying circumstances, almost every airport can face now and in the future. 

The book assumes that readers can identify and understand problems related to the 
operation and planning of a given airport, and consequently undertake some planning and 
design measures to mitigate and/or resolve them. In such context, in addition to description of 
the main components and their operations, the methods for analysis, planning, and design of 
demand, capacity, congestion and delays in the airport airside and landside area are 
elaborated using illustrative cases. As well, some evaluation of particular planning and design 
solutions is presented. 

The book covers the author’s research and consultancy work in the field carried out 
during his twenty-five year period. Specifically, the book concentrates on the analysis and 
forecasting of the demand, capacity, congestion, and delays of large airports. Most of them, as 
the major hubs of dominant airlines and/or their alliances, operate under severe environmental 
constraints in terms of noise, air pollution, and land use (take). Under conditions of 
continuously growing demand and rather limited opportunities to expand the capacity, 
congestion and delays at these airports continue to increase, thus compromising their 
performance and consequently the performance of the entire system in terms of efficiency, 
effectiveness, punctuality, and reliability of services. 

The book timely emphasizes the necessity for having an unconventional approach in 
analyzing, planning, and design of airports by implicitly taking into account a high level of 
uncertainty of conditions under which these airports are expected to operate in the medium- to 
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long-term future. This uncertainty and instability of conditions has seen a particular increase 
after the deregulation and liberalization of the airline industry, which has become increasingly 
sensitive to compromising and disrupting by the main demand driving forces such as the 
economic recessions, political crises, terrorists’ threats and attacks, epidemic diseases, and 
most recently, increasing fuel prices. The ‘unconventional approach’ implies modification of 
the traditional airport Master Planning approach by the concept of the DSP (Dynamic 
Strategic Planning). The latter concept, however, does not exclude the generic principles and 
rules for analysis, planning, and design of airports, which are technically, for individual 
airports, elaborated in the ICAO's Annex 14 - Airport Planning Manual, as well as in the US 
FAA Advisory Circular AC No. 150/5360-13. 

This book consists of eleven chapters. Chapter 1 familiarizes the readers with the 
necessity for applying a consistent approach to airport development through in-depth analysis 
of the current and prospective traffic demand as the basis for planning and design of its 
infrastructure’s capacity. Chapter 2 describes the main components of the air transport system 
consisting of airlines, airports, and the ATC (Air Traffic Control), in terms of their operation, 
organization, and ownership. Chapter 3 analyzes a given airport as the system of a mutually 
interrelated and physically and functionally interconnected airside and landside infrastructure, 
detailing the operations, and processes. The operations and processes are organized to serve 
users, aircraft, passengers, and freight shipments efficiently, effectively, and safely. Chapter 4 
concentrates on the analysis of the airport passenger demand. It makes an inventory on the 
most commonly used analytical models for estimating this demand and illustrates application 
of one of them to a large hub airport. Chapter 5 focuses on capacity as the main planning and 
operational parameter of each airport. In particular it describes some useful analytical 
methods for estimating this capacity. Chapter 6 elaborates on delays occurring as soon as the 
demand temporarily exceeds the available capacity of particular airport components. Chapter 
7 and 8 analyze the possible short-term and long-term solutions, respectively, for mitigating 
the airport airside congestion and delays. These solutions embrace the short-term measures of 
the demand management and the long-term measures for expansion of the airport airside and 
landside capacity. Chapter 9 describes airport ‘Master Planning’ as the synthesis of the 
analysis, modeling, planning, and design of the airport airside and landside infrastructure. In 
particular, it implicitly emphasizes its innovative dynamic character, which can be achieved 
by a concept of the DSP (Dynamic Strategic Planning). Chapter 10 elaborates on a concept of 
future airports, which are expected to be increasingly operative as multimodal transport 
nodes, and are also expected to be under permanent monitoring by the multidimensional 
examination. The new airports will likely be characterized by the innovative layout and 
composition of the airside and landside area and the necessity to provide the alternative fuels 
for the likely forthcoming cryogenic aircraft. Chapter 11 summarizes some conclusions. 

In writing this book, I am particularly grateful to the OTB Research Institute of Delft 
University of Technology (Delft, the Netherlands), which has continued to provide a 
stimulating, inspiring, and challenging scientific environment with a lot of positive energy. 

I am also grateful to my family, my spouse Vesna and son Miodrag (a student of 
medicine), for their considerable and permanent support, inspiration and a very high level of 
tolerance and understanding of my devotion to this project instead of sometimes to them. 
Finally, I have been keeping in mind some advice from my mother who used to say: “Each 
problem is solvable with at least one feasible solution.” Pertaining to airports, this implies 
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that each of them, if being sophistically analyzed, planned, and designed, will be able to 
handle growing demand efficiently, effectively, and safely. 


Milan Janić 
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Chapter 1 


INTRODUCTION 


1.1. AIR TRANSPORTATION 


The commercial air transportation industy has been one of the fastest growing sectors of 
the world’s economy. During the period of 1991-2007, the passenger and freight air transport 
demands have grown by an annual average rate of 4.5% and 5.7%, respectively. Despite the 
various disruptive events such as economic and political crises, the September 11" terrorist 
attack on the US, regional wars (Iraq, Afghanistan), and global epidemic diseases, which have 
temporary undermined the expected growth rates, the air transport planners, experts, and 
operators still continue to believe in the system’s long-term continuous growth. Some 
predictions for the next two decades indicate that the world’s air passenger and freight 
transport demand will likely grow by an average annual rate of 4-5% and 5.5- 6.5%, 
respectively (ACI Europe, 2001; AIRBUS, 2006; ATAG, 1999; Boeing, 2007). 

The above-mentioned long-term growth of the air transport demand, usually forecasted to 
continue at the rate of about 5% per year implies doubling of the volume of the world’s air 
traffic every 15 years. This in turn will create a permanent pressure for more efficient use of 
existing airports and for providing additional airport capacity in both airport’s airside and 
landside area, as well as the ground access systems. The acts such as privatization and 
commercialization imply changing of the ownership of airports. That means that a few of or 
many of the shareholders, who primarily require the financial profitability of the possessed 
entity, privately own many of them. Since the profitability is closely related to the efficiency, 
effectiveness, and productivity of services, the planning and design of the airport 
infrastructure to operate according to such requirements are becoming increasingly important. 
In other words, more and more airports become mostly the economic/business entities, rather 
than the “passive” providers of infrastructure operating on the cost-recovery principles, as 
used to be the case in the past. 

The globalization of the air transport system has started after the emergence of the mega- 
global airlines and the airline alliances. This has also been expected to stimulate formation of 
the international airport-operating companies. On the one hand, these will certainly try to 
unify efficiency and effectiveness of services of the airports involved, and will use the best of 
the world’s practice in providing the airport capacity, on the other. 

The technical/technological and operational changes will mainly imply the further 
increased use of the wide spectrum of the electronic facilities, equipment, and devices for 
more efficient and effective processing of passengers and cargo shipments at airports, thus at 
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least temporarily reducing the needs for the additional infrastructure capacity. One of the 
illustrative examples is implementation of the electronic ticketing system, which has 
significantly influenced the process of accommodating passengers during their passing 
through the passenger terminal complex. 

Raising concerns on the negative impacts of particular airports on the environment 
mainly relate to the area of land they occupy, noise, and air pollution from the arriving and 
the departing aircraft, which all affect the local population and the environment, i.e. flora and 
fauna. In a given context, at many airports, it appears extremely difficult to acquire new land 
(if not protected/secured before) for building new airside infrastructure. In addition, a cap on 
the volume of traffic is set up in order to satisfy the prescribed noise and and/or air pollution 
(daily and annual) quotas, which also affect the airport profitability. However, the positive 
benefits gained for users, and the local and the state communities formed by airports will have 
to be emphasized as trade-offs for the above-mentioned negative impacts (Janic, 2007). 


1.2. THE ANALYSIS, PLANNING, AND DESIGN OF AIRPORTS 


The available evidence indicates that an increased diversity of requirements has also 
increased complexity of the analysis, planning, and design of airports for both the cases of 
modifying/upgrading the existing airports and for the cases of building new ones. 
Consequently, the traditional Master Plan has had to be frequently modified in terms of the 
time-horizon (shorter), the scenarios of developing demand (more than one), and the number 
of alternative (usually “hybrid” in terms of flexibility and more than one in terms of number) 
solutions. It seems that the above-mentioned process could be carried out successfully by 
adopting a hierarchical multi (at least three-level) approach 1 (de Neufville and Odoni, 2003). 

The first (highest) level would include analyzing the place and role of a given airport in 
the air transport (airport) system including also the related places and roles of particular 
airlines and local ATC (Air Traffic Control) unit(s). 

In this context, the airports appear to be the least flexible components in accommodating 
generally changing (growing) demand. In order to carry out any such analysis correctly, the 
wider and more complex approach will need to consider simultaneously the system’s 
multidimensionality consisting of the infrastructural, technical/technological, operational, 
economic, environmental, and social dimension. In many cases, the institutional dimension is 
considered too. Such consideration is needed because the air transport system’s components 
and their particular dimensions are interrelated. 

The second level should provide knowledge about a given airport as the system of 
mutually interrelated components, operations, processes, and their performance. In general, 
the airport consists of three components such as the airside and the landside area, and the 
ground access systems. In the airside area, the number, configuration, and dimension of 
runways, taxiways connecting these runways to the apron/gate complex and the aircraft 
parking stands, and the size and number of these stands and geometry of their integration in 
the common layout are particularly important. 

In the landside area, the different configurations, design, and size of the passenger (and 
cargo) terminal complexes appear relevant. Composition and the operational performance in 
terms of the spatial accessibility in the airport catchment area, time, price, and the availability 
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of service, and the other conveniences for passengers are the most relevant when analyzing 
and planning the airport ground-access systems. 

At the third, the last but the most specific level, the detailed analysis and forecasting of 
the airport demand in terms of the relevant volumes of passengers, air cargo shipments, and 
atm (air transport movements) [a single air transport movement implies either one landing or 
one take-off] are necessary. In this context, any analysis and forecasting of the airport demand 
should respect the current and the prospective development of the main local and global 
demand-driving forces. 

The results from this phase, in particular the figures on the volumes and the structure of 
the prospective demand in terms of the origin-destination and the transit/transfer traffic, serve 
as inputs for developing the solutions for providing the required capacity in both the short- 
and the long-term periods. The former implies implementing the innovative technologies and 
operational procedures. The latter mainly relates to construction of additional airside and 
landside infrastructure. Figure 1.1 shows a simplified scheme of the above-mentioned three- 
level approach to airport analysis and planning. 

The planning and sizing of components of the airport infrastructure using the current and 
forecasted demand as an input are of crucial importance at this stage. The ultimate quality of 
the current and the prospective solutions for matching capacity to demand is assessed by 
analyzing the prospective airport congestion and delays as the outcome from the dynamic 
interrelationship between them, i.e. demand and capacity. In this case, the airport’s causes for 
delay need to be adequately addressed. 

In addition, the impact of particular solutions on the environment and the society in terms 
of the eventually increased noise, air pollution, and land use, should also be evaluated and 
included in the process of selecting the most feasible solution from the social-economic 
perspective. For a given airport, the above-mentioned elements are summarized in a 
consistent document called the “Airport Master Plan,” which, after including the risk of 
uncertainty and flexible planning and design in terms of time and size of the particular 
infrastructure components, transforms into the DSP (Dynamic Strategic Planning) document. 
It contains the main directions of the airport both current and future at a medium to long-term 
range of development (de Neufville and Odoni, 2003; FAA, 1988; ICAO, 2004). 

Finally, the long-term vision on the future airport development seems to also be needed 
mainly for avoiding repetition of past mistakes in the planning and design. In particular, the 
vision should include, before all, the solutions, which would provide much higher levels of 
security, the sufficient and flexible capacity of the airside and landside area, reduction of the 
overall environmental and social impacts, and conversion of a given airport into the 
multimodal transport node. The last generally implies inclusion of a given airport in the long- 
distance (preferably High-Speed) railway network. As well, each future airport is supposed to 
be more or less under a permanent multidimensional examination, which includes 
simultaneous monitoring, analyzing, and managing of its infrastructural, 
technical/technological, operational, economic, environmental, social, and institutional 
dimension of performance. 
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Figure 1.1. Scheme of analysis and planning of the airport demand and capacity. 
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Chapter 2 


THE AIR TRANSPORT SYSTEM 


2.1. INTRODUCTION 


The air transport system is a part of the entire transport system. It consists of two major 
components: demand and capacity. The demand includes sub-components such as the users, 
i.e. air passengers and cargo shipments. The capacity includes resources in terms of labor, 
capital, and the energy used by the airlines, airports, and the ATC/ATM (Air Traffic 
Control/Management) for providing services to the users according to the dedicated national 
and international regulation. Commonly, the airports and the ATC/ATM are regarded as the 
fixed system’s infrastructure providing the space, facilities, and equipment for servicing the 
users. In this context, the users, i.e., the air passengers, freight (cargo) shipments, and airlines 
(aircraft) represent the demand for the ‘fixed infrastructure.’ Regarding the relationship with 
users (passengers and freight shippers), the airlines provide the aircraft as the ‘mobile 
infrastructure’ to serve them. The airlines, airports, and the ATC/ATM use facilities and 
equipment supplied by the aerospace manufacturers according to the institutional (national 
and international) regulations, which guarantee safe, secure, efficient, and effective operations 
and services. 


2.2. COMPONENTS AND OPERATIONS 


2.2.1. Airlines 


The individual airlines and their alliances constitute the airline industry. In general, they 
operate different air route networks in terms of the spatial configuration, the number of 
routes, the flight frequencies, and the aircraft fleets. The airline’s technical/technological 
performance mainly relates to and is dependent on the aircraft characteristics they operate. 
Materialized through the aircraft design, they include the aircraft speed, carrying capacity, 
and productivity. The airline operational performance includes demand, capacity, and quality 
of services. Only the technical/technological and the operational characteristics of the airlines 
and their aircraft relevant for the airport planning and design will be described. 
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Technical/Technological Performance 

The main feature of the air transport system, which has enabled it to develop globally, is 
a high speed as compared to the speed of other surface transport modes (vehicles). Emerging 
as the earliest high-speed alternative at the beginning of the 20th century, this alternative has 
been continuously modernizing in terms of improving the ‘aircraft capabilities', the ‘airline 
strategy’ and the 'governmental regulation’ (Boeing 1998). The development of ‘aircraft 
capabilities’ such as speed, payload, and take-off weight, has been of the greatest importance, 
since these have mostly affected the other two sub-processes, and vice versa. Specifically, the 
aircraft speed has increased over time, and has also benefited from the development of the 
supersonic aircraft Concorde in 1974 (Boeing 1998; Horonjeff and McKelvey 1994). The 
aircraft carrying capacity has also increased, in combination with a growing diversity of 
aircraft types. For example, today’s aircraft fleet ranges from a small (e.g. 30-50 seats) 
aircraft to aircraft with more than five hundred seats. The new giant Airbus A380 with a 
capacity of five to six hundred seats is an example of the latter category. 

Such development has certainly contributed to an increase in aircraft technical 
productivity, which is considered the product between the aircraft carrying capacity and the 
realized speed on a given distance. This productivity implies the passenger (or tone) 
kilometers (miles) realized per unit of time on a given non-stop route (Horonjeff and 
McKelvey 1994; Janic, 2001). In such development processes, the aircraft design and 
operations have been permanently compromised. For example, to reach the longer non-stop 
distances, the aircraft payload, i.e. the passengers and freight, has needed to be reduced. At 
the same time, the speed has generally increased (i.e. the block speed as the average speed 
between the aircraft’s engine starting up at the origin airport and the aircraft’s engine shutting 
down at the destination airport). Consequently, the aircraft technical productivity has 
generally increased mainly thanks to the increased technical and average block speed, both of 
which enable covering longer distances in shorter time(s). In cases when the payload has had 
to be reduced due to taking on more fuel for covering longer distances, the technical 
productivity has decreased despite a further increasing of the average block speed. 
Nevertheless, a substantive progress has been achieved over the past three decades. The most 
recent example shows that the difference in the technical productivity between the 
forthcoming aircraft B787 and the existing aircrafts A310, B757, B767 300ER is expected to 
be noticeable (Janic, 2001). 


Operational Performance 


e Demand 

Airline demand is usually expressed by the number of transported passengers and/or the 
volume of freight, as well as by the amount of the revenue passenger (p-km) and/or the 
revenue tone-kilometers (miles) carried out during a given period of time (day, month, year). 
In both cases, one revenue p-km or t-km, respectively, implies one passenger or one tone of 
cargo carried out over the distance of one kilometer (instead of kilometers, statute miles are 
also frequently used: 1 mile = 1.609 km). In some cases, the revenue p-km and t-km are 
aggregated after converting 10 revenue p-km into one revenue t-km. In general, these 
volumes increase with increasing of any or both influencing factors simultaneously. In order 
to realize the large volume of p-km on the short haul distances, the airline should carry out a 
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larger number of shorter flights, of course, if the passenger demand justifies it. The number of 
flights on longer distances, again justified by the passenger demand, can be lower in order to 
realize the equivalent volume of the revenue p-km. 

Both external and internal forces drive the airline demand. Historically, the external 
forces have been the economic growth at both the local-micro and the global-macro level, and 
the diminishing (in real terms) of the airfares. The economic growth has been materialized 
through the growth of the local (regional) and the global GDP (Gross Domestic Product). 
Some analyses have shown that between about two-thirds and three-fourths of the growth of 
the airline demand has been attributed to the growth of the global GDP (Holloway, 2003). 
Airfares have generally diminished significantly in real terms since the 1980s, primarily 
thanks to the increasing of aircraft and airline productivity, mainly through improvements in 
the aircraft technology, management of resources, increased competition, and expansion of 
the LCCs (Low-Cost Carriers). The latest have emerged with a radically different business 
model than that of the full cost (legacy, or the network) airlines. In many regions, the LCCs 
have been one of the main driving forces of the overall airline demand. The internal demand 
driving forces have included the flight frequency, sophisticated pricing, the revenue (yield) 
management, and the different promotional and loyalty programs. The current volatility of the 
fuel prices may become an important internal force, leading to an increase in airfares, which 
in turn may slow down or even, in particular cases, compromise the future growth of the 
airline demand (Holloway 2003). 

In addition to the volume, airline demand is characterized by time fluctuation (seasonality 
and the monthly, weekly, daily peak and off-peak periods), and directionality. The latter is a 
common characteristic of tourist trips and the airfreight (cargo) demand. 

The analysis and forecasting of the airline passenger and cargo demand are important for 
planning and operating the airline resources (aircraft, energy (fuel), and labor (staff)), as well 
as for a preliminary estimation of costs and revenues. In general, the airline demand is usually 
expressed by the so-called demand function. This function inter-relates the volume of demand 
during a given period of time (day, week, month, and year) and the main demand-driving 
forces. The demand function can be estimated for different levels of demand aggregation. 
These can be different types of passengers and/or freight origins and destinations such as a 
pair of airports, cities, regions, countries, and even continents. They can also relate to the 
different segments of demand such as business or leisure trips (Janic, 2001; TRB, 2002). 

The estimated demand function can also support the forecasting of the future demand in a 
given origin-destination market. The pre-assumption is that the nature of influence of the 
demand driving forces (independent variables) will be almost the same in the future as it has 
been in the past. Under relatively stable conditions, this is almost acceptable. However, it 
appears rather difficult to accept this approach,if high uncertainty and volatile circumstances 
are expected. Nevertheless, at least methodologically, the scenario approach for predicting 
particular independent variables can reduce this weakness and the inherent uncertainty 
(Holloway 2003; Janic, 2001; TRB, 2002). 

The airline demand is usually forecasted for the future short- and long-term periods. In 
the short- term, the forecast can be for a day, week, or a month. In the long-term, the forecast 
is usually carried out for the period of one year and/or longer. This forecasting can be carried 
out for a single airline, the airline alliance(s), or the entire airline industry. Regarding the 
geographical scale, this can be for a single airline route, a part or the whole airline and/or its 
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alliance’s network(s), as well as for the entire airline industry of a given country and/or region 
(continent) (Swan and Adler, 2004). 


e Capacity 

The airline fleet usually consists of different aircraft types characterized by the seating- 
and cargo-volume capacity. The large full cost or the network (legacy) airlines usually 
operate the large (global) networks consisting of routes of different lengths and passenger and 
freight volumes, which usually require deployment of different aircraft types to serve them 
efficiently and effectively. In general, the small regional, medium narrow-bodied,and wide- 
bodied, and the large narrow-bodied and wide-bodied aircraft serve the regional short, the 
continental-medium, and the intercontinental long-haul routes, respectively (AEA, 2005). 

LCCs (Low Cost Carriers) usually operate in the short- and the medium-haul markets 
using a uniform aircraft fleet consisting mostly of a single aircraft type. In most cases, these 
are the B737 and/or A319/320 aircraft. Despite operating such unified fleets in the short- and 
the medium-distance routes, these airlines have grown tremendously, mainly in the domestic 
O-D (Origin-Destination) markets. Figure 2.1 shows an example of such development in the 
US domestic air transport market. 


80 p 


70 {= &— Passengers with access to LCCs services 


Percent - % 





1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 
Year 


Figure 2.1. Development of the LCCs in the US domestic market for the period 1990-2004 (Compiled 
from: ACI North America, 2005). 


As can be seen, during the observed period (1990-2004), the market share of the LCCs 
was continuously increasing, from about 10% in the year 1990 to about 30% in the year 2004. 
This growth was also supported by an increase in the accessibility of their services, from only 
about 24.5% in the year 1990 to about 75% in the year 2004. The term “accessibility of 
service” implies the percentage of passengers, who had the access to fares of these LCCs 
(ACI, North America, 2005). 

The airlines allocate the aircraft fleet to serve the expected demand in their networks. The 
product of the number of seats and the covered distances (i.e. the length of route) represents 
the airline output (i.e. the capacity) expressed by the volume of the aircraft seat- or tone- 
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kilometers (s-km and t-km, respectively) carried out during a given period of time (day, week, 
month, year). The airline output in terms of the served demand is expressed by the revenue p- 
km. The available s-km and/or t-km are related to the p-km and t-km by the load factor, 
actually reflecting the percentage of the airline output (capacity) that is sold, i.e. used 
(Holloway 2003; Janic 2001). The load factor is always less than 100%, thus enabling 
absorption of the short-term fluctuations (increases) in the demand. It also can be an element 
for setting up the flight frequency on a given route (Janic, 2001). 

In addition, the flight frequency can be determined using other criteria. These can be: 
maximizing the airline profits, minimizing the airline costs, minimizing the total generalized 
costs for both the airline and its users, i.e. passengers and freight shippers, and maximizing 
the quality of service expressed by the passenger schedule delay, i.e. the average waiting time 
for the next available departure (Janic, 2001). The flight frequency and the load factor can 
also be influenced by competition on a given route (market). The flight frequencies, the 
aircraft capacity, and the length of particular routes of a given airline network enable 
determination of the aggregate airline output, i.e. the capacity offered to serve the expected 
demand during a given period of time. 

In general, the airlines operating the larger networks with the longer routes and block 
times, and with the more frequent flights, deploy a greater number of aircraft. Since the flight 
frequency on a given route depends on the related demand, the size of an airline fleet will 
similarly depend on the demand in the entire network, as well as on the capacity and the load 
factor of each aircraft type. In addition, if the average utilization of an aircraft during the 
season and/or a year is higher, the number of required aircraft will be lower, and vice versa. 
The size of the airline fleet can be readjusted after determining the departure and the arrival 
times of particular flights, and consequently the detailed itinerary of each aircraft in the 
network (Bazargan, 2004; Janic, 2001). 


e Quality of Service 

The quality of airline services can be considered as an outcome from the dynamic 
interaction between the demand and the capacity. This quality is expressed by different 
attributes related to the airline operations and schedule such as the flight frequency, 
regularity, reliability, and punctuality of particular flights or type of the aircraft fleet, and load 
factor (Janic 2001). 

The flight frequency on a given route implies the passenger schedule delay, i.e. the 
waiting time for the first available departure. The attitude behind this attribute of the quality 
of service is that passengers generally lose their time while traveling but particularly while 
waiting for the available service, i.e. the first next departure flight. Regularity implies 
provision of flights on a given route on a regular basis, i.e. on certain days, each day, at the 
same time (for example, these can be the morning, midday, and the evening departures during 
the weekdays). Reliability implies the percentage of realized flights as compared to the 
number of scheduled flights during a given period of time (day, week, and year). In many 
cases, the unexpected technical failures as well as the external disruptive events such as bad 
weather and terrorist threats can cause cancellation of particular flights. These are generally 
considered as damageable for both users, i.e. passengers and freight shippers, on the one 
hand, and the affected airlines on the other, for both due to the increased costs incurred. 
Punctuality relates to the percentage of flights which arrive according to the schedule and the 
length of delay of the delayed (unpunctual) flights. The arrivals up to 15 minutes behind the 
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scheduled time are not considered as delayed. Causes similar to those influencing the 
reliability as well as the traffic congestion can affect the airline schedule and may cause flight 
delays. However, in this case, the intensity of impact of particular causes is weaker, thus 
enabling flights to be carried out anyway (Janic 2001). Delays represent a loss of time for the 
affected actors, the service users (passengers and freight shippers) and the service suppliers, 
i.e. airlines. They extend the block time of the affected flights and consequently may require 
an engagement of additional aircraft fleet and the other supporting resources (staff). These 
might raise the costs and thus compromise the airline’s overall profitability. In addition, 
delays can also cause additional fuel consumption and increase the associated emissions of air 
pollutants. 

The airline quality of service has some other attributes such as the quality of in-cabin 
service, reliability of handling passengers’ baggage, loyalty programs, and convenience of 
passenger handling at the gates of the departure and the arrival airports. From the point of 
view of passengers and other actors involved, particular attributes of the airline quality of 
service can be of different levels of importance, which enables the systematic ranking of 
airlines. The AQR (Airline Quality Ranking) program in the US represents such an example 
(Janic, 2001). 


2.2.2. Airports 


Airports represent a part of the air transport system’s infrastructure. They can be of 
different size depending on the volume of traffic they accommodate in terms of the air 
passengers, airfreight shipments, and atm (air transport movements) during a given period of 
time (hour, day, year). Generally, each airport consists of the airside and the landside area. 
The most important physical attribute of each airport is its size, reflecting the area of land 
taken for building the infrastructure such as runways, taxiways, apron/gate complex in the 
airside area, and the passenger terminal and cargo complex, and the ground access systems in 
the landside area. In addition, the fixed, semi-mobile, and mobile facilities, equipment, and 
the various supporting devices provide services to the airport’s users, i.e. the aircraft, 
passengers, and the air cargo shipments. Both the infrastructure and the service facilities and 
equipment are characterized by the service-processing rate, i.e. capacity, which depends on 
their constructive characteristics and the rules and procedures of serving particular users. The 
total installed capacity depends on the volume and the time pattern of demand for service 
over a given period of time. Thus, the demand and the capacity appear to be the most 
important operational performance aspects of any given airport. In addition, this can also be 
the quality of service as an outcome from their dynamic interaction. 


Physical and Technical/Technological Performance 


e Layout 

The main physical characteristic of an airport is its size measured by the area of land it 
occupies. This area of land depends on the airport layout and the size of particular airside and 
landside components. The size of particular components is governed by the standards mainly 
related to the configuration and the number of runways, taxiways, apron/gate complex, and 
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the related facilities. These standards depend on the size of relevant (i.e. “critical” or the 
“biggest”) aircraft. The number and orientation of runways, the most land-demanding 
components given the “critical” aircraft, depend on the required usability factor of a given 
airport with respect to the prevailing weather (wind and ceiling) conditions and the volume of 
air traffic demand expected to be accommodated during a given period of time (hour, month, 
year). Generally, this factor should be not less than 95% during the year. As well, the runways 
should be positioned in a way that the approach and the departure areas around the airport are 
free of obstacles, which, otherwise, could compromise the smooth instrumental approaches 
and landings, missed approaches, and take-offs (ICAO, 2004). The above-mentioned 
principles materialize through the six typical (theoretical) layouts (configurations) of airports 
as follows (Horonjeff and McKelvey, 1994): 


e A single runway; 

e Two parallel runways both used in the “mixed” mode, i.e. for simultaneous landings 
and take-offs or in the “segregated” mode, i.e. one exclusively for landings and 
another for take-offs; 

e Two converging runways each used for both landings and take-offs; 

e Two parallel plus one crossing runway each used for landings and take-offs; and 

e Two pairs of parallel runways of which the two outer are used for landings and the 
two inner for take-offs or the two pairs of the crossing parallel runways of which one 
pair is used exclusively for landings and another for take-offs. 


The minimal (standard) values of particular layout’s parameters for the above-mentioned 
airport categories are specified as the recommendations and design rules (ICAO, 2004). In 
addition, each airport is connected to its catchment area by different ground access 
systems/modes such as road-based buses, taxis, and cars, and the rail trains. These systems 
use the fixed infrastructures also connected to the wider local, national, and/or international 
road and rail network(s). The size of an airport’s catchment area differs at different airports. 
Usually, the average distance and/or the average time of accessing the airport from a given 
location in the catchment area roughly indicates the size of this catchment area. For example, 
at most European airports, these distances range between 50 and 100 km and, in terms of the 
accessibility time, from 1 to 2 hours (EC, 2002). 


e Facilities and Equipment 

In addition to the fixed infrastructure, each airport disposes with the various fixed, semi- 
and fully-mobile facilities and equipment needed to handle the aircraft in the airside area, and 
passengers and freight shipments in the landside area). In the airport airside area, there are 
generally two categories of facilities and equipment. The first category encompasses the fixed 
components such as the lighting systems near and on the runways, taxiways and the aprons 
enabling the aircraft smooth movement (landing, take-off, and taxiing) under low visibility 
conditions (dark, dense fog, very low cloud, rain and snow storms). The navigational aids 
enabling approaching and departing the airport are not taken into account even though the 
lighting systems might be a part of them. The second category consists of the vehicles serving 
the aircraft while entering and leaving the apron/gate parking stands, and those providing the 
aircraft servicing during the turnaround time. These are the refueling, catering, cargo, and 
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waste vehicles, as well as the vehicles used for collecting and delivering, i.e. transporting, 
passengers and their baggage, freight shipments, and also the power supply vehicles. 

In the landside area, the mobile and the semi-mobile “interfaces” enable physical 
connection between the aircraft and the passenger terminal(s). For example, passengers may 
use the airport buses (mobile units) in combination with the mobile stairs and/or the air- 
bridges (semi-mobile facilities) to pass from the terminal building to the aircraft, and vice 
versa. 

The passenger (and freight) terminals ‘prepare’ passengers and freight, respectively, for 
transfer from the airport ground access systems to the aircraft, and vice versa, i.e. for 
changing the transport mode. In terminals, different facilities and equipment are used for such 
transfer, i.e. processing passengers, their baggage, and/or freight cargo. For example, for 
passengers, these can be: i) Passenger processing areas: For departing passengers, these are 
the airline ticketing counters, the check-in counters, the security control desks, and the 
outbound baggage space for sorting and processing baggage for departing flights. For the 
arriving passengers these are: the immigration (and security) control counters; and the 
inbound baggage claim area, which consists of both the passenger waiting space and the 
baggage claim devices where the arriving passengers pick up their baggage; ii) Passenger 
lounges: These are: the central hall for both departing and arriving passengers; the departure 
lounges and the gate lounges where passengers usually wait for the next phase of service; iii) 
Passenger circulation areas: These include: the space for circulation of passengers and the 
airport’s visitors; this consists of the areas such as the stairways, escalators, elevators, and the 
passages-corridors. The passengers use them to pass between different parts of the same 
terminal or between two closed terminals; iv) Passenger service areas: include the post 
office, telephones, the information desks, the wash room(s), the first aid room, etc.; v) 
Concession areas: include bars, restaurants, tax and duty-free shops, banks, insurance, car 
rental, etc.; vi) Observation decks and the visitors’ lobbies: include the VIP facilities; and vii) 
Baggage processing facilities and equipment (AACC/IATA, 1981; Horonjeff and McKelvey, 
1994; ICAO, 2004). 

The interfaces on the external side of the terminal building(s) (i.e. those located towards 
the airport catchment area) consist of the static, the mobile objects, and the supportive 
equipment. For passengers, these are the parking areas for private cars and taxicabs, and the 
loading and the unloading platforms; the rail and bus stations (terminals), the escalators and 
the moving walkways enabling direct and efficient movement of passengers from the parking 
areas, bus and rail terminal(s) to the airport terminal, and vice versa; and the intra-airport 
transport systems consisting of the minibuses, standard buses, train sets, the long moving 
walkways, etc., which usually operate at the large airports for enabling passengers efficient 
transfer between the distant terminals (Janic, 2001). 

The ground access systems comprise the individual cars and taxicabs, and the mass 
transport systems such as buses, and the regional and the national conventional and/or 
specialized high-speed trains. At many large airports, passengers and others (the airport 
employees and visitors) are usually offered services by all of the above-mentioned systems. 
However, at smaller regional airports, only the services by the road-based transport systems 
are often only available (Horonjeff and McKelvey, 1994). 
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Operational Performance 


e Demand 

One of the most important planning and operational parameters of a given airport is its 
demand. The volumes of requests for services express this statistic during a given period of 
time (hour, day, month, and year). These requests are those from atm (air transport 
movements), passengers, and freight shipments. They are satisfied by the airport’s available 
capacity in both the airside and the landside area. In most cases, it appears very difficult to 
consider the airport’s demand exclusively, i.e. without considering its capacity at the same 
time, and vice versa. This demand is usually interrelated to the airport capacity through their 
continuous dynamic interaction in both the short- and the long-term. The outcome from such 
interaction is the quality of service provided to users, i.e. atm, passengers, and freight 
shipments, on the one hand, and the efficiency, effectiveness, and security of the airport 
operations, on the other. 

The airport demand in the airport airside area in terms of the number of atm from the past 
period could be used as an ingredient for forecasting the future demand as well as the long- 
term planning of the airport airside capacity. For example, the number of atm per hour (or 15 
minutes intervals) is usually used for specifying the aircraft/flight delays given the airport’s 
“ultimate” capacity, and consequently for declaring the airport’s “practical” capacity. The 
latter capacity usually amounts to about 80-85% of the former capacity. For such purposes, 
the hourly fluctuations of both the demand and the capacity need to be considered in order to 
identify the short periods in which the demand exceeds the capacity and consequently causes 
the aircraft queues and delays (Janic, 2001). 

The airport demand in terms of the number of passengers per a period of time appears to 
be relevant for operation, planning, and design of the airport landside area, i.e. the 
components such as the passenger terminal complex, interfaces, and the ground access 
systems. For example, the current and the forecasted annual number of passengers, after being 
converted into the hourly peak passenger volumes, can be used for sizing the passenger 
terminal complex and its particular components including determining the capacity of the 
processing facilities. Ticketing/check-in, the immigration counters, the body check counters, 
the baggage claim devices, and surrounding areas, etc are all taken into consideration. The 
conversion of the annual into the hourly volumes of passengers can be carried out using 
different methods discussed later in this book (Ashford and Wright, 1992; Horonjeff and 
McKelvey, 1994). In addition, the details on the prospective airline schedules, the aircraft 
fleet mix, and the load factor can also be used as the design parameters more precisely. In 
such context, the categorization of passengers can be important since the different categories 
place the different demands on the various components of the passenger terminal complex at 
different times. For example, all passengers can be broadly classified into the originating, 
terminating and the transit/transfer passengers, then into the domestic and the international, 
and finally into business and leisure passengers. At the hub airports, there are usually a high 
proportion of the transfer/transit passengers. As well, some airports are specialized in serving 
the charter and/or the LCCs’ traffic. Such increased complexity in setting up the proper 
volumes and structure of demand as the sizing parameters in both the airport airside and 
landside area has been partially resolved by using the scenario approach in determining the 
relevant peak-hour demand (Ashford and Wright, 1992; Horonjeff and McKelvey, 1994). 
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e Capacity 

The capacity measures the capability of a given airport to accommodate the predicted 
demand. It can be used as the operational and the planning parameter for both the airport’s 
airside and landside area, and for the different periods such as a year, month, a day, and/or an 
hour. The capacity is usually defined as the maximum number of units of demand, which can 
be accommodated during a given period of time under given constraints. As mentioned 
above, in the airport airside area the atms (air transport movements) represent the demand. In 
the airport landside area, the volume of passengers and freight shipments represent the 
demand. 

The airport capacity (if there are no the other constraining factors) mostly depends on the 
operational factors such as the ‘safety constraints’, the ‘constant demand’ for service, and the 
‘average delay’ per unit of the accommodated demand. This capacity, as used for operational 
purposes, is usually determined for one hour including an average delay per an operation. For 
the planning purposes, it is determined for the period of one year. However, in many cases, 
the various economic and environmental constraints may affect the airport operational 
capacity. In such cases, the concept of the airport economic and/or the airport environmental 
capacity can be introduced. The short- and the long-term economic constraints mainly dictate 
the airport economic capacity. In the short-term, these might be the charges of the airport 
services during the peak and the off-peak periods aiming to regulate the access to the airport 
by covering the increased cost while reflecting a type of user and its willingness to pay for a 
service. They should also be compatible with the ICAO’s (International Civil Aviation 
Organization) recommendations and the bilateral airspace agreements. In the long-term, 
availability of the investments for the airport expansion usually determines the economic 
conditions and thus the prospective long-term capacity. The airport environmental capacity 
takes into account the environmental constraints in terms of the local noise and air pollution 
intended to protect the local people and the environment from adverse effects. In the short- 
term, this capacity is expressed similarly as the operational capacity regarding the given types 
of constraints. In the long-term, constraints on the land take may compromise the airport’s 
spatial expansion, its capacity, and consequently its growth (Caves and Gosling, 1999; 
DETR, 2002; Janic, 2001). 

The capacity of the airside area is determined for the runway system, taxiways, and the 
apron/gate complex. The capacities of these components should be balanced in order to avoid 
creation of “bottlenecks” and the consequent adverse effects such as congestion and delays 
and the related overall impacts. 

The capacity of the airport landside area embraces the capacity of the passenger and 
freight terminal complex. For the passenger terminal complex, the capacity of particular 
components regarding their basic function can be determined as follows (Janic 2001): 


e Processors, i.e. the servers for passengers and their baggage; 

e Reservoirs, i.e. the waiting areas for passengers (and their company) and their 
baggage; and 

e Links, i.e. the space equipped with the facilities and devices connecting the 
processors and the reservoirs. 


The processors serve passengers along their way from the airport-ground access systems 
to the aircraft, and vice versa. The reservoirs provide space for passengers’ queuing and 


The Air Transport System 17 





waiting for the particular phases of their servicing process. The links designated as the long 
halls with the passageways, walkways and escalators connect the particular processors and 
the reservoirs. In general, the two concepts of the capacity for the passenger terminal complex 
and its particular components can be considered. The “static ultimate” capacity implies the 
maximum number of passengers (occupants) in an area of a given size. Each occupant is 
provided with the minimum space while being there. The “dynamic ultimate” capacity 
implies the maximum processing/service rate of a given service facility (Janic 2001). 


e Quality of Service 

In the airport airside area, the quality of service is usually measured by the average 
aircraft delay during its landing and/or take-off. If related to the flow-throughput, this 
acceptable average delay represents an element of the above-mentioned airport’s “practical” 
capacity, which at least in Europe, is usually agreed upon among the particular actors 
involved such as a given airport, airlines, and the local ATC/ATM unit (Janic, 2001). In 
general, delay is defined as the difference between the actual and the scheduled time of 
passing through a given “reference location”. As mentioned above, the threshold for either an 
arrival or a departure delay is 15 minutes behind the scheduled time (AEA, 2001/5; BTS, 
2001; EEC, 2002). Almost all delays longer than the acceptable limit of 15 minutes are 
considered time losses for users, i.e. passengers and freight shippers, and the affected airline’s 
aircraft. They occur when the demand for landings and/or take-offs exceeds the above- 
mentioned airport’s “ultimate” capacity (Andrewartha and Romanin-Jacur, 1987; Terrab and 
Odoni, 1993). The airport airside delays are generally expressed as the average delay per any 
or per delayed atm (air transport movement). In the former case, the total delays are divided 
by the total number of atms. In the latter case, the total delays are divided only by the delayed 
atms as discussed later in this book (EEC/ECAC, 2002; FAA, 2002). 

The quality of service in the passenger terminal complex has shown to be a powerful 
competitive tool of many airports. In general, the concept for measuring this quality under 
different circumstances is based on the specified space standards for passengers while being 
in the particular processing/service phases (AACC/IATA, 1981; IATA, 1989; ICAO, 1984). 
In order to determine the size of particular areas in the passenger terminal, which will 
guarantee a certain quality of service, the corresponding number of passengers (occupants) 
expected to be simultaneously in these areas should be multiplied by the relevant (selected) 
space standards. Then, the obtained space has to be enlarged for the space required for 
installing the appropriate service facilities and equipment (Janic, 2001). Consequently, the 
quality of service appears to be one of the main determinants of the layout and the size of a 
given passenger terminal complex. 

The quality of services provided to the passengers using the ground access systems is 
usually characterized by several attributes such as the length and variability of the access 
time, the travel comfort, convenience of handling a baggage, and the travel cost. As expressed 
in terms of the users’ generalized cost, these attributes influence a choice of the airport access 
system (mode). The importance of particular attributes may vary depending on the volume 
and the structure of demand, and the trip purpose (Ashford et al. 1997). In any case, each 
mode needs to provide a sufficient capacity to accommodate the existing and the prospective 
demand efficiently, effectively, and safely. 
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2.2.3. The ATC/ATM (Air Traffic Control/Management) 


The ATC/ATM (Air Traffic Control/Management) is the third crucial part of the air 
transport system. It consists of the controlled airspace over the countries, continents, and 
oceans. There are also the radio-navigational facilities and equipment located on the ground 
and in the space (satellites) and their complements in the aircraft. In addition, this is the 
operating staff (i.e. the air traffic controllers), and the operating rules and procedures for a 
safe, efficient, and effective guiding of the individual aircraft and air traffic flows as well. The 
local ATC/ATM around airports controls/manages incoming and outgoing aircraft and thus 
contributes to the efficient, effective, and safe use of the available capacity of the airport 
airside infrastructure. In other words, the airport airside capacity sometimes crucially depends 
on the ATC/ATM safety separation rules, their ability to deliver the aircraft in the shortest 
possible time slots, and consequently this will enable them to carry out the maximum planned 
number of atm during a given period of time. In addition, in order to maintain the required 
level of safety and prevent overloading of the particular airspace and the airport components, 
the ATC/ATM imposes delays on particular atm and thus more or less directly (airside) and 
indirectly (landside) influence the quality of service of a given airport. 

In the airspace around airports, the technical/technological performance encompasses the 
airspace organization, the aircraft separation rules, and the characteristics of the existing and 
the innovative radio-navigational facilities and equipment. The relevant operational 
performance includes parameters such as the capacity, demand, and the principles of their 
matching both off-line and on-line safety, efficiently, and effectively. 


Physical and Technical/Technological Performance 


e Organization of Airspace and the Aircraft Separation 

The ATC/ATM is established over a given airspace to provide a safe, efficient, and 
effective guidance of the air traffic (aircraft/flights). The safety implies respecting the 
separation rules and serving users, i.e. aircraft/flights, without conflicts. The efficiency and 
effectiveness is concerned with providing the aircraft/flights a smooth movement along the 
fuel-cost optimal trajectories connecting the origin and destination airports without deviations 
caused by the ATC/ATM reasons. 

Meeting the above-mentioned requirements (objectives) requires division (organization) 
of the controlled airspace into the smaller parts regarding the traffic intensity (density) and 
complexity. Such division is carried out as follows: 1) division of the airspace into the airport 
zones, terminal areas, and the low and high altitude en-route areas; and ii) division of each of 
these areas into the smaller parts called the ‘ATC/ATM sectors'; each sector is under 
jurisdiction and responsibility of one or of a team of the air traffic controllers. In particular, 
the airport zones enable management of the flows of the arriving and the departing traffic. 
The terminal airspace established above the airport zones enables managing the more 
intensive and complex arriving and departing traffic flows. This airspace covers an area with 
a radius of about 40 to 50 miles (lnm = 1.852 km) around a given airport. Usually, this area 
spreads vertically from the ground level to the FL (Flight Level) 100 (Each flight level 
represents a constant altitude of 10° ft (1ft ~ 0.305m)). The aircraft fly through this area along 
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the prescribed arrival and departure trajectories defined by the radio-navigational facilities 
and/or the ATC radar vectors (ICAO, 1989; 1996). 

In the airport zone and the terminal airspace, each flight can be carried out according to 
the VFR (Visual Flight Rules) or the IFR (Instrumental Flight Rules). The VFR flights can 
take place exclusively under the VMC (Visual Meteorological Conditions). The IFR flights 
can be carried out under both the VMC and the IMC (Instrumental Meteorological 
Conditions). For example, in Europe, only the IFR are exclusively applied under both the 
IMC and the VMC while in the US, both the VFR and the IFR are applied depending on the 
current weather conditions. The IFR aircraft/flights are primarily responsible for maintaining 
the assigned flight paths while the ATC/ATM maintains the separation rules between them. 
The VFR aircraft/flights perform the primary navigation and maintain the prescribed 
separation rules between the other VFR and the IFR aircraft/flights. In any case, they remain 
under the jurisdiction and monitoring of the local ATC/ATM. In the airspace shared by both 
the IFR and the VFR flights, the division of responsibility between the pilots and the air 
traffic controllers for maintaining a safe separation is always carried out according to the IFR 
(ICAO, 1996). 


e Facilities And Equipment 

The ATC/ATM uses two categories of facilities and equipment for monitoring and 
controlling the air traffic flows and the individual aircraft: 1) the communications and 
navigation facilities and equipment located both on the ground, in the airspace, and onboard 
the aircraft, and ii) the surveillance equipment with particular components on the ground, in 
the airspace, and onboard the aircraft. 


e The communications facilities and equipment consist of the following components: 
the communication channels for transmission of information between the pilots and 
the air traffic controller(s) (the VHF/UHF air/ground voice and non-voice 
communication links); the communication links established between particular 
ATC/ATM control units; the communication links providing the exchange of 
information between the ATC/ATM and the other actors involved in the air traffic 
control; one of the promising communications systems is the VHF data link (VDL 
Mode 2 in the medium-term and the VDL Mode 3 and 4 in the long-term); this data- 
link is used to automatically (without a voice) communicate information on the wide 
range of the flight parameters from the aircraft (pilot) to the ground (the air traffic 
controller). This substantially improves the situation awareness for the air traffic 
controllers, reduces the overall workload, and consequently increases the system’s 
capacity, efficiency, and effectiveness. In addition, the Controller Pilot Data Link 
Communications (CPDLC), using the data link for the ATC/ATM communications, 
the Data Link Flight Information Service (D-FIS) enabling pilots to receive the flight 
information through the air/ground data communications, and the satellite data-link 
enabling air/ground communication in cases when an aircraft is out of the range of 
the ground communication systems, have also been developed (ICAO, 1989; Little, 
2000); 

e The navigational facilities and equipment include the ground aids and the airspace 
satellites. Both allow the aircraft to perform the primary navigation. Regarding their 
location and the primary function in the airport zone and the terminal airspace, they 


20 Milan Janić 





are classified into several groups as follows: i) the external overland terminal 
airspace aids (VOR, DME, VOR/DME, ILS (Instrumental Landing System), MLS 
(Microwave Landing System), and SLS (Satellite Landing System), which use 
information from the GPS (Global Positioning System) and/or GLONAS (GLObal 
NAvigation Satellite System), ii) the airport external navigational equipment (the 
approach lighting systems, the slope indicators, the surface detection equipment); and 
iii) the internal overland terminal aids (the RNAV systems) (Horonjeff and 
McKelvey, 1994; Little 2000). The contemporary navigational procedures are 
primarily based on the global navigation satellite-based (RNAV) systems providing 
the aircraft with a direct routing between their origins and destinations rather than 
using the system of airways, which does not always follow the shortest-great circle 
distances. Such routing allows more flexible utilization of the available airspace and 
consequently increases a possibility of flying along the fuel-cost preferred routes; 

¢ The surveillance facilities and equipment embrace different radar systems. Two radar 
types are available: primary and secondary (beacon) radar (Secondary Surveillance 
Radar (SSR) and Mode S). Radar enables the air traffic controllers to monitor on the 
radar screen the separation between aircraft (Horonjeff and McKelvey, 1994; Little, 
2000). In the advanced ATC/ATM systems, the surveillance capability is 
significantly improved by the ADS-B (Automatic Dependent Surveillance Broadcast) 
system as a complement to the SSR. The ADS-B allows the aircraft to broadcast 
information about their position and other flight parameters relevant for the traffic 
controllers periodically. In addition, the A-SMGCS (Surface Movement Ground 
Communication System) is developed to enable surveillance, guidance and routing of 
the aircraft while on the ground under all local weather conditions; 


In particular, the recently developed innovative communications, navigation, information, 
and surveillance technologies allow implementation of the innovative procedures and 
consequently enhancement of the ATC/ATM system capacity on the one hand, and 
improvement of the utilization of the existing capacity on the other. Such improved capacity 
should enable more efficient, effective, and safer accommodation of the growing demand 
leading to a decrease in air traffic accidents and also towards less congestion and delays. 
These technologies can be broadly classified into the following groups: i) those used for 
landings and take-offs; ii) those supporting the aircraft maneuvering around the airport; and 
iii) those based on the concept of the Free Flight and Autonomous Operations (Little 2000). 

The first group includes the Arrival (AMS), the Departure Management System (DMS), 
which, as the ground-based traffic management automated tools, optimize the incoming, and 
the outgoing aircraft flows at a given airport. They are expected to relieve congestion by 
improving utilization of the existing capacity of a given runway system. The complement to 
these tools is the runway management system. Both kinds of tools should reduce the air traffic 
controller’s workload and consequently increase the system’s capacity. In addition, there is 
the Satellite Landing System (SLS), based on the information transmitted from either the GPS 
or the GLONASS, as an alternative to the ILS landings at the congested airports. Finally, the 
ADS-B system enables simultaneous operations at closely parallel runways, which might 
increase their capacity, reduce congestion, and diminish the need for land take for (a) new 
runway(s). 
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The second group gives the air traffic controllers a better surveillance of the aircraft 
maneuvering at the airport infrastructure (A-SMGCS). It is expected to improve efficiency of 
the aircraft’s ground movement through the reduction of the aircraft’s taxiing times and it 
supports timely delivery of the departing aircraft to the departure runway(s). The latter 
appears to be particularly important under low visibility conditions. 

The last group of innovative technologies is mostly used for controlling the en-route 
traffic such as the VHF data-link (Mode 2, 3, 4), the ADS-B, the GPS, the GLONASS, and 
the CDTI (Cockpit Display Traffic Information). 


Operational Performance 


e Demand 

The existing and prospective demand at a given airport in terms of the number of atm per 
given period of time represents the demand for the local ATC/ATM unit. For operational 
purposes and the short-term prediction of the air traffic controller’s workload, the hourly 
number of flights is relevant. For the long-term strategies of accommodating demand, the 
annual number of flights is relevant. This number is also important for planning the long-term 
development of the ATC/ATM capacity. For the latter purpose, the long-term forecasting of 
the ATC/ATM demand in terms of the annual number of flights at particular airports is 
needed. In any such case, the numbers should include all categories of flights such as those of 
the commercial air carriers, the air taxi/commuters, general aviation, and military operations 
(FAA 2005). 


e Capacity 

The capacity of a given ATC/ATM sector (unit) is usually expressed by the maximum 
number of aircraft/flights served during a given period of time under given conditions. These 
conditions for an airport include: i) the size and configuration of the aircraft approach and 
departure paths; ii) the facilities and equipment available to both the ATC/ATM and the 
aircraft, and iii) the intensity, volume, structure, time and space distribution, and continuity of 
the demand. The ATC/ATM capacity encompasses the capacity of particular components 
such as the airspace around a given airport, the air traffic controllers, and the communication 
links (Janic, 2001; Majumdar and Polack, 2001). In order to estimate the capacity of a given 
ATC/ATM sector based on the estimation of air traffic controller workload, the number, 
duration, and order of execution of particular control tasks-activities performed for the 
aircraft/flights passing through a given sector according to a given pattern during a given 
period of time should be considered. 

The ATC/ATM controller’s workload includes performing the physical and the mental 
tasks within the specified framework. In general, two types of the mental tasks dominate: 
monitoring the current air traffic on the radar screen, and receiving, processing (decision- 
making), and delivering the oral and/or digital instructions to the aircraft. Monitoring the 
radar screen enables memorizing a picture of the current traffic situation according to the 
internal “mental” model. This picture is memorized and stored in the controller’s short-term 
memory, and used later as a basis for creating and executing the particular control tasks. 
Usually, this picture is combined with the other information collected from the aircraft via the 
air/ground communication link, and from the other screens and the air traffic controllers. The 
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research in psychology has shown that the human operators (in this case the air traffic 
controller) cannot simultaneously carry out two different types of tasks, i.e. monitoring the 
radar screen and executing the control tasks. He/she rather carries out the work on the 
principle of time-sharing, i.e. by executing partially or completely different types of tasks in 
the sequential order during very short time “spots.” Such a pattern of switching the tasks in 
combination with the necessary and the available time for their execution generates the air 
traffic controller’s workload. This workload can be quantified by the self-assessment and 
through the direct observation-measurements. Since both approaches have disadvantages, 
such as the subjectivity and possibility of distrusting the working conditions, convenient 
analytical and simulation models for estimating this workload have been developed (Janic 
2001; Majumdar and Polack, 2001). 


e Quality of Service 

The quality of service of the local airport’s ATC/ATM unit implies the continuous 
performing of the control function under the given conditions by: i) providing a safe 
separation between the individual aircraft according to the prescribed separation rules and 
procedures, and ii) providing a safe, efficient, and effective guidance of the air traffic flows. 
The main attribute of the quality of services in the ATC/ATM is the aircraft/flight delay, often 
considered in combination with safety and the fuel efficiency of the assigned arrival and 
departure trajectories. As mentioned above, the delays in the airspace around a given airport 
occur as soon as the demand exceeds the capacity. In addition to those imposed on the 
particular flights because of congestion at their departure/arrival airports, the ATC/ATM can 
impose delays, as soon as the demand exceeds the capacity of any of the ATC/ATM sectors 
along the routes of these flights. In many cases, these delays take place at the origin airports 
coupled with the delays related to the congestion at the destination airports in the scope of the 
GHP (Ground Holding Program) discussed later in this book. However, delays as a 
contribution of the local ATC/ATM unit, which usually are not particularly long, can 
represent an attribute of the quality of its services (Janic, 2001). 


2.3. ORGANIZATION AND OWNERSHIP 


2.3.1. Actors 


The main actors dealing with operation and planning of the air transport system are as 
follows (EEC, 2004): i) the air transport system’s operators. i.e. airlines, airports, and the 
ATC/ATM; ii) the aerospace manufacturers of aircraft, their engines, avionics, and the other 
equipment; iii) Users, i.e air passengers and airfreight shippers; iv) the organizations for the 
international cooperation; v) the international aviation organizations; vi) the non- 
governmental organizations and lobby groups; and vii) the research and scientific 
organizations. Some performances, particularly those related to organization and ownership 
of the main air transport system’s operators, airlines, airports, and ATC/ATM, are described. 
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2.3.2. Airlines 


The airlines’ institutional performance broadly includes the set of internal and external 
attributes. The internal attributes mainly relate to the airline’s ownership. The experience so 
far has shown that in most cases, the airlines with a higher private ownership have been 
relatively more efficient and effective on the one hand, but also very vulnerable to the market 
disruptions causing losses of their revenues and rising costs on the other. The external 
attributes relate to the level of regulation of the airline industry implying the freedom of the 
airline’s market entry/exit, the supply of capacity, setting up of the airfares, and the right for 
the ownership of other airlines. 


Internal Attributes 

The structure of ownership implies the number of stakeholders and the percentage of 
their stakes in a given airline. Public and/or private stakeholders can own an airline. The 
former are usually governments, their agencies, and the public banks. The latter are the 
private banks, the other airlines, the other non-aviation business enterprises, and individual 
stakeholders. In both cases, the percentage owned by a particular group of the stakeholder can 
be quite different. In addition, the number of stakeholders across the airlines can be quite 
diverse, currently there isn’t any analytical evidence of influence of this diversity on the 
airline’s fleet size and the volume of output. Traditionally, governments have owned many 
airlines as the country’s flag carriers. However, with deregulation and liberalization of the 
airline industry at the national and international scale, the governmental ownership and the 
associated protection including the subsidies for the non-profitable routes and flights have 
disappeared. At the same time, a competition by new private airlines has strengthened. The 
changed conditions have required more efficient and effective operations, which could be 
achieved by privatization and the building up of the innovative economic/business models 
such as the hub-and-spoke networks, the airline alliances, and the LLC (Low Cost Carrier) 
models. Nevertheless, at many legacy airlines, the governments still have some stakes, 
considering them as being of a great national importance. The relevant statistics for the AEA 
(Association of European Airlines) in the year 2004 illustrates diversity in the airlines’ 
ownership in Europe. The main attributes accounted for 28 airlines are 1) the number of 
stakeholders, ii) the percentage of public stakes; and iii) the number of airlines in which a 
given airline has the stakes (AEA, 2005). 


External Attributes 

The external attributes of airlines imply the level of the market regulation and ownership 
in the other airlines, this time between the airlines from different regions, i.e. continents. 
Three cases related to the European and the US airline industry appears illustrative as follows: 
deregulation/liberalization of the internal markets; the “open-skies” agreements; and the 
“Single European Sky” concept. They have all aimed to mitigate or diminish the institutional 
barriers to the airline free market operations. 

Deregulation of the domestic airline industry in the US took place as a single act in 1978. 
In the EU (European Union), it was a gradual process of removing the institutional barriers 
between the Member States on the one hand, and providing the airline industry with sufficient 
time to accommodate to the changed conditions, on the other (Janic, 1997). The market 
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liberalization process had taken place in the 1980s and at the beginning of the 1990s. The 
developments afterwards confirmed the success of these polices. In addition, a partial 
liberalization of the transatlantic market between the two regions (i.e. Europe and the US) 
was carried out through contracting the so-called bilateral “Open-Skies’” agreements between 
the US and particular Member States (TBG, 2002; EC, 2003). Although initially beneficial, 
these agreements have started to constrain the full market development between the two 
regions. Some reasons were as follows: the EU airlines could fly to the US only from their 
domestic countries. The airlines with the so-called “Open-Skies” rights could not contract the 
“Open Skies” agreements with other not “Open Skies” partners without losing the US traffic 
rights. Merging and ownership between the EU and the US airlines was forbidden. The US 
passengers were denied benefits from the other competitors. Consequently, the EU has started 
an initiative to remove the above-mentioned barriers through a two stage-process of 
negotiations: first, suspension of the bilateral “Open Skies” agreement of its Member States 
(14 of 25); and second, achieving a single “EU-US Open Skies” agreement in the spring of 
2008. The objective has been to create a single open market providing more efficient and 
effective air transport services within and between the two regions including the free flow of 
investments in airlines. Some expected additional benefits would include the non-restricted 
(increased) output, free flow of investments and labor between airlines, increasing of users’ 
welfare, and stimulus to the air transport suppliers. 


2.3.3. Airports 


The airport institutional performance implies their privatization and commercialization. 
They both may influence the control of assets, investments, operations, quality of services, 
and policies related to the protection of the local community and environment from adverse 
impacts. Generally, airports all over the world as economic-business enterprises have been 
owned publicly and privately. The public ownership refers to the governmental control of the 
airport’s operations, maintenance, and investments in the airside and the landside areas, 
regulation of prices and quality of services, and collecting and distributing revenue. The act of 
transfer of the government’s ownership to the private investors (companies) is called 
privatization. In some cases, privatization may involve only such transfer of some of the 
control functions. Consequently, privatization can be carried out by a transfer of the 
ownership, a transfer of the control and/or by both. The new entity is usually a private 
company. In addition to privatization, commercialization, defined as an introduction of the 
commercial objectives into the publicly owned enterprises, has been applied to many airports. 


The Objectives, Structure of Ownership, and Trends 
The privatization and commercialization of airports are mainly driven by the following 
economic reasons (deNeufville 1999): 


e The need for raising the relatively large investments for development of the airport 
airside and the landside infrastructure; in many cases, the national governments as 
the owners of airports have experienced difficulties in allocating the taxpayers’ 
money to these purposes on the account of an equally, if not higher, priority on social 
services such as health and education; and 


The Air Transport System 25 





e The expectation that a commercial approach combined with the market forces will 
provide a greater efficiency and effectiveness of operations and services without 
compromising the public welfare, safety, and the environmental protection; although 
the private management may be more efficient, it can also perform in the direction by 
sacrificing a lot of competitive benefits, public welfare, and the appropriate 
protection of the environment on the account of pure profitability. 


In order to prevent undesired developments, the governments dealing with the 
privatization of airports have always considered them as the assets and enterprises of public 
interest, which should not be totally delegated to the private investors. Two reasons support 
such acting: i) the airports are central subjects in building up the local communities’ welfare; 
and ii) as the natural monopolists, they might be very inclined to exploit the public 
(deNeufville, 1999). In other words, there is usually a very strong public interest in the quality 
and price of the airport’s services, safety, and security of operations, and possible effects on 
the local population and environment. Consequently, the governments usually take part in the 
control of these airports either as the shareholders or through the regulation of both operations 
and prices of services. An illustrative example is Amsterdam Schiphol airport (the 
Netherlands). Currently, the national government (75.8% shares), local authorities of the city 
of Amsterdam (21.8% shares), and the city of Rotterdam (2.4% of shares) are owners of the 
airport. Under such circumstances, the national government is responsible for developing the 
airport as an asset of the highest national interest (the mainport); the city of Amsterdam takes 
over the responsibility for local employment but also for the protection of local people and 
the environment from noise and air pollution. The city of Amsterdam is responsible for 
developing the synergy between the airport and the port of Rotterdam (a mainport in the 
Netherlands of the highest national interest). Privatization of the airport, in which the national 
government would sell 49% of its shares to the private investors, has been temporarily 
removed from the agenda due to the concerns on sacrificing some of the public welfare. 
Another example is privatization of the UK airports, which started in the year 1987 with 
privatization of the BAA (British Airport Authority) (Humphreys et al. 2001). Seven airports, 
London Heathrow, Gatwick, Stansted, Prestwick, Aberdeen, Edinburgh, and Glasgow, were 
set up as the limited companies and subsidiaries of the BAA plc. Since privatization, these 
airports have been required to self-finance their future development and take over the 
responsibility for shareholders. In order to protect the national interests, the UK government 
has retained a substantial (“golden”) number of shares, thus giving itself the right to intervene 
if necessary. In addition, in order to protect the airport users against an unfair pricing and the 
other monopolistic exploitation, the government has authorized the CAA (Civil Aviation 
Authority) to regulate the charges and the other accounts. The CAA has also played a role in 
regulating the safety and operational standards by issuing an operational license to each 
airport. The control of airport development has been left to the planning system. The most 
recent public inquiry on the expansion of capacity of the UK airports has shown that there is 
still a very strong government presence in the decision-making processes on the investments 
(DETR, 2002). 

In many other countries, privatization of airports has become a dominating trend, which 
actually started in the US. There, the airports have never been fully publicly owned by the 
national government but mainly by the local municipalities with a strong presence of the 
private sector. The trend continued in the UK, Australia, and Canada in the 1980s, and 
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matured after privatization in countries such as Argentina, Austria, Germany, Hungary, Italy, 
Mexico, the Netherlands, and South Africa (deNeufville 1999; Humphreys et al. 1999). Table 
2.1 gives information on the structure of ownership of the selected European airports. The 
criterion for selection has been the mixed public and private ownership (EC 2002) 


Table 2.1. The structure of ownership of the selected European airports 





























State/Airport Owner (%) 

National government | Regional/local government | Private sector 
Belgium - 
Brussels 64.0 36.0 
Denmark 
Copenhagen 33.8 - 66.2 
Germany 
Frankfurt 18.0 53.0 29.0 
Greece 
Athens 65.0 45.0 
The Netherlands 
Amsterdam 76.0 - 24.0 
United Kingdom 
London airports - 100.0 

















Source: EC 2002. 


Nevertheless, still as the main stakeholders, the national governments (the UK and the 
other countries) and the local municipalities (US) have remained obligated to provide the 
majority of investments for the airport long-term development. Consequently, the public 
ownership with very high levels of commercialization of operations and other businesses has 
been shown as the most attractive form for many airports. Such a “mixed” model seems to be 
effective in protecting the national and the local (municipality) economic and social interests 
without compromising the users’ welfare (pricing and quality of services), safety, people’s 
health, and environment. 


Advantages and Disadvantages 

Privatization and commercialization of airports has both advantages and disadvantages 
(deNeufville 1999; Holder 1998; Humphreys et al. 1999). The principal advantages include 
increasing of the profitability and productivity of operations, reducing of the costs and prices 
of services, relieving of a pressure on the governmental funds for investments, providing of 
the revenues to the governments by selling the assets and then collecting taxes, and the 
seemingly improved quality of services. The main disadvantages are the conflicts between the 
economic and the environmental objectives. For example, at some privatized UK airports, the 
generally lower regulated charges have stimulated a growth of traffic, which, under 
conditions of the constrained capacity, has increased the external burdens such as congestion, 
delays, and noise and air pollution and thus compromised the national and local 
environmental policy (DETR 2002). This has become a serious problem due to lack of the 
national plans for guiding the economic and the environmental interests of the national airport 
system. 
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2.3.4. The ATC/ATM (Air Traffic Control/Management) 


The Institutional Conditions 

The institutional performance of a given ATC/ATM system relates to the institutional 
conditions under which it operates and the structure of ownership. The institutional conditions 
imply the regulation of providing the air traffic services in a given region. If the region is a 
country, the single governmental or the semi-private agency usually provides services. 
However, emergence of the increasingly integrated political and economic areas such as, for 
example, the EU has raised the question of coordinating the air traffic navigation services in 
order to increase safety, efficiency, and effectiveness of flights over the entire EU area. 
Consequently, the European Parliament has approved the policy package entitled “Single 
European Sky” in which the European Commission is responsible for institutional and 
EUROCONTROL in cooperation with the national ATC/ATMs units for the 
technical/technological and operational implementation (EC, 2004). The specific aims for the 
ATC/ATM are as follows: more flexible use of the airspace, classification and design of 
airspace, harmonization of charging policies; interoperability of facilities, equipment, and 
operational procedures in the upper airspace (above FL 290 - 29000 ft); and the research and 
development. Certainly, implementation of the package will contribute to increasing the 
system capacity, reducing delays, improving safety, and reducing the aircraft/flight fuel 
consumption. 


The Structure of Ownership 

Historically, most countries worldwide have allocated an exclusive responsibility for 
provision of the air navigational services to their governments and their agencies. However, 
over the past two decades (from 1987 to 2005), about 38 governments have shifted this 
responsibility or part of it from their agencies (the civil service departments) to the outside 
organizations, i.e. the independent air navigation service providers operating as the business 
and/or performance-based organizations (GAO, 2005). This process of transformation is 
called “corporatization” or “commercialization.” In general, this term can cover a range of 
different forms of independence of the new organizational forms from the related 
governments, i.e. from those under the direct governmental control to those, which have been 
completely privatized, and thus gained the ultimate “independency.” Nevertheless, in all 
cases, the government has retained responsibility for provision of the air traffic services, but it 
has authorized the commercialized bodies to perform these services on its behalf. In such 
context, these bodies take over the responsibility for carrying out the safe and efficient 
services in combination with the freedom to undertake different business actions to achieve 
such objectives. In particular, as sufficiently flexible market entities, they can access the 
capital markets and provide the investments for modernizing and updating a technology. This 
will enable them to cope with the growth of the air traffic demand more safely, efficiently, 
and effectively. After being established at the national level, these bodies have established an 
international organization called the CANSO (Civil Air Navigation Services Organization), 
which operate as their trade organization. The performance of the new organizations 
providing the air traffic services has been assessed using the elements extracted from the five 
“commercialized” cases: New Zealand (Airways Corporation of New Zealand), Canada 
(NAV CANADA), UK (Airline Group-National Air Traffic Services Ltd.), Australia 
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(Airservices Australia), and Germany (Deutsche Flughsicherung GmbH) as follows (GAO, 
2005; Majumdar and Ochieng, 2004): 


e Funding; 

e New technologies and project management; 
e Price regime; 

e Safety; 

e International opportunities; and 

e Customer responsiveness 


The summary of findings has been as follows: Funding: The “commercialized” operators 
have had a free access to the capital markets. In turn, this has provided a sufficient funding 
for the major capital projects aiming to maintain a safe, efficient, and effective service under 
the conditions of growing air traffic demand. New technologies and project management: 
These operators have been able to deliver the new technologies on time and within a given 
budget. The project management has significantly improved, primarily thanks to the 
opportunity of appointing the managers at different levels of organization, who have been 
capable of influencing the strategic decisions. Safety: Seemingly, the “corporatized” operators 
have not compromised the air traffic safety. They have been looking after the safety issue 
through setting up their safety plans in accordance with the national safety regulations. 
Pricing regime: In general, these operators have negotiated the charges for their services with 
users, i.e. the commercial airlines. This generally results in the diminishing of these charges, 
which has made the users very satisfied. In addition, the other stakeholders have mediated 
their preferences and interests through the various committees established for just such a 
purpose. International opportunities: The “corporatized” operators have developed an 
increasingly important international dimension based on the development of the technology 
and management of the air traffic, often in close cooperation with the manufacturers of the 
ATC/ATM facilities and equipment, both at home and abroad. Customer responsiveness: The 
“corporatized” operators have established a good relationship with their main customers, i.e. 
the commercial airlines. On the one hand, this has reduced the charges for these customers. 
On the other, the improvements of technologies, procedures, and the air routes have enabled 
more efficient and effective air traffic, which has contributed to the lessening of the other cost 
components of the customer airlines. Based on the above evidence, one might conclude that 
“commercialization” of the ATC/ATM has generally created noticeable benefits for almost all 
actors involved in the process. 
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Chapter 3 


AIRPORT AS THE SYSTEM 


3.1. INTRODUCTION 


Airports are an essential component of the infrastructure of the air transport system. 
Regarding their actual function and according to terminology used in the theory of transport 
networks, airports are considered as the multimodal transport nodes facilitating the air mode 
and the other ground transport modes, thus enabling the users, i.e. passengers and freight 
shipments (air cargo), to change the transport mode during their door-to-door trips. In 
addition to them, the airport operator and the transport operators such as the airlines and the 
surface transport modes (usually road and road) operators are the other two large groups of 
actors involved. In such context, the relationships between the main actors must be in balance 
in order to fulfill their individual as well as the common objectives. In such context, the users 
usually expect smooth, safe, and relatively cheap door-to-door service in which the air 
transport mode plays a dominant role. Smoothness and safety usually imply the efficient and 
effective accessibility of a given airport by the surface transport modes, a fast processing 
through the passenger (or cargo) terminal complex, and the arrival and departure of incoming 
and outgoing flight(s) without delay or with acceptable delays (usually a delay of 15-miuntes 
is considered tolerable). Cheapness implies the acceptable door-to-door cost of trip(s) in 
which the airfare dominates. With emerging and strengthening LCCs (Low Cost Carriers), 
these expectations have started to become achieved. In addition, deregulation of the national 
and liberalization of the international air transport markets have contributed to continuously 
diminishing airfares, at least in the relative terms. 

The airport operator provides the space, facilities, equipment, and services to the airlines, 
passengers, cargo shippers, and the surface transport modal operators. The resources are used 
and the services are provided according to the prescribed rules and procedures, which, on the 
one hand guarantee the required level of safety and security, and on the other, their 
effectiveness and efficiency. The safety and security imply services (i.e. operations) in the 
prescribed manner without the accidents and the incidents affecting particular users because 
of previously discussed reasons. The effectiveness and efficiency imply providing services at 
the agreed (prescribed) quality and prices, both acceptable for users on the one hand, and 
covering the operator’s costs, on the other. 

The airlines operate at a given airport expecting the profitable volumes of users regarding 
the offered quality and prices of their services. In such context, the flight frequency and their 
time pattern (distribution during the day, week, and month), the flight punctuality, and the 
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flight (schedule) reliability appear as the most important attributes of the airlines’ quality of 
service. The flight frequency and its time pattern reflect the fact that most airlines schedule 
their flights at the times when the most users wish to travel daily, weekly, and/or monthly. 
Such flight scheduling materializes as the morning and the late afternoon/evening peak(s), 
which result in the relatively large concentration of users in the airport airside area (aircraft) 
and on the airport landside area (passengers and air cargo terminal complex), during the 
relatively short periods of time (one or at most two hours). In the airline’s hub-and-spoke 
network(s), operated at a given airport, these daily peaks are more frequent and voluminous. 
The punctuality of services implies a proportion of the delayed incoming and outgoing flights 
and the duration of delays. The reliability implies a proportion of the realized flights as 
compared to the overall number of scheduled flights. 

The airport surface-access modes usually adjust their capacities and the time pattern of 
services to the airline/airport peak and off-peak periods, thus providing the adequate quality 
of service for users on the one hand, and the profitability of their services on the other. In this 
case, the accessibility time of a given airport, and punctuality and reliability of services in the 
sense similar to that of the airlines, are the most important attributes of the quality of service. 

In order to handle the above-mentioned complex interactions between particular actors 
involved successfully, a given airport must provide the adequate capacity and organization of 
its use. Provision of the adequate capacity is the matter of estimating the demand on the one 
side and planning, design and operating the capacity on the other. Organization implies the 
effective and efficient spending of the resources for providing a given volume of services. In 
such a process, the common and/or confronting interests of particular actors involved need to 
be balanced. In general, at the large airports, particular actors can be identified as follows 
(Ashford et al., 1997): “Airport Operator; “Airline”, “Users”, and “Non-users”’. 

The “Airport Operator” includes the local and the central authorities, concessionaries, 
suppliers, police, fire service, medical services, the ATC (Air Traffic Control), and the 
metrological service. The “Airlines” include the fuel suppliers, engineering, the catering/duty 
free, and the sanitary services. The “Users” include the air passengers, senders/receivers of air 
cargo, and the airport visitors. The last category, “Non-users,’ embodies the airport 
neighboring organizations, neighbor residents, and the different environmental and lobby 
groups, which all use their closeness to the airport in some specific way. For example, some 
businesses can be prosperous just because of their closeness to a given airport. The 
neighboring residents suffer from the airport operations (the aircraft noise and the noise from 
the ground access modes) on the one hand, and benefit from the opportunities of employment, 
and convenience for traveling on the other. The environmental and lobby groups supported by 
the local residents and the policy makers can influence constraining the airport operations 
(and consequently its growth) by imposing the various noise and the air pollution quotas 
(Janic, 2007). 
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3.2. THE AIRPORT INFRASTRUCTURE AND LAYOUT 


3.2.1. Categorization of Airports 


Airports are categorized by assigning particular codes to them regarding their capabilities 
to accommodate different aircraft types (categories). For example, both the ICAO and the 
FAA use two-element reference codes for categorizing airports. The first element of the 
ICAO’s codes refers to the airplane Reference Field Length (RFL). This is the minimum field 
length, which an aircraft needs to take off at the MTOW (Maximum Take-off Weight) under 
conditions of the standard atmosphere, no wind, and a sea-level runway. The airplane 
wingspan and a distance between the outside edges of the main gear specify the second 
element. Consequently, there are four codes regarding the RFL, which vary between less than 
800m for the Code I airplanes to less than 1800m for the Code IV airplanes. In addition, 
regarding the wingspan and the outer main gear wheels’ span, the aircraft are categorized into 
six categories (A-F). The wingspan varies from less than 15m at the aircraft category A to 
less than 80m at the aircraft category F. The outer main gear wheels’ span varies from less 
than 4m at the aircraft category A to less than 16m at the aircraft category F ICAO, 1999). 


L - FAA take-off field length - m 





0 50 100 150 20 250 30 350 40 450 50 550 6 
Aircraft MTOW- tons 


Figure 3.1. Relationship between the aircraft field length and the MTOW (Compiled from: Horonjeff 
and McKelvey, 1994). 


The FAA categorizes all aircraft into five categories (A-E) regarding their final approach 
speeds. In this case, the approach speed is considered to be 1.3 times greater than the aircraft 
stall speed at the full landing configuration and the MLW (Maximum Landing Weight). The 
aircraft in category A have speeds less than 91 knots; the aircraft in category F have speeds 
less than or equal to 166 knots. According to the wingspan representing the second element of 
the code, the aircraft are categorized into six categories, which is analogous to the above- 
mentioned categorization by the ICAO. For example, the largest Airbus A380, with a 
wingspan of 79.8m and a wheel track of 14.3m, is classified into the category F under the 
current FAA classification. (The aircraft MTOW amounts to 562 tons and the RFL spreads to 
2750m). Consequently, each airport is planned and designed regarding the elements of the 
reference code of the “critical” (i.e. usually the largest) aircraft (FAA, 1988). Figure 3.1 
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shows the relationship between the required field length and the MTOW of the commercial 


aircraft. 


As can be seen, this distance increases at a decreasing rate with the increasing of the 
aircraft’s MTOW. This implies that the increased engines’ power and the improved 
aerodynamic performance in larger aircraft ultimately contribute to the shortening of their 
required landing distance (de Neufville and Odoni, 2003).n to the MTOW, which is 
particularly relevant for dimensioning the pavement depth in the airport airside area 
(runways, taxiways, apron parking stands), the other aircraft characteristics, which influence 
design and sizing of the airport airside area are: the wingspan, the aircraft length, seat/freight 
capacity, range, and the fuel capacity. In general, all these depend on the aircraft MTOW, and 


vice versa, as shown in Figure 3.2 (a, b, c, d). 
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a) Wingspan/length vs. the MTOW. 
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b) The seating capacity vs. the MTOW. 


Figure 3.2. Continued on next page. 
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Figure 3.2. Dependence of the characteristics of particular aircraft types on their MTOW (Compiled 
from: deNeufville and Odoni, 2003). 


Specifically, Figure 3.2a shows that the aircraft wingspan and length increase with the 
increasing of the MTOW at a decreasing rate. They are relevant for dimensioning the width of 
runways, taxiways, and taxi-lanes, and particularly for sizing the apron parking stands/gates. 
Figures 3.2b and 3.2c show that both the aircraft seating capacity and range again increase 
with increasing of the MTOW at decreasing rate. 

The seating capacity appears as a relevant parameter for sizing the airport airside area, 
particularly the passenger terminal complex. The range is relevant for initially estimating the 
potential number and type of passengers per aircraft operation, i.e. atm (air transport 
movement). In both cases, the aircraft fleet in terms of different aircraft categories should be 
known. Figure 3.2d shows that the aircraft fuel capacity increases linearly with the increasing 
of their MTOW. Since the most aircraft on the short- and medium-range flights only take the 
quantity of fuel just for carrying these flights out, these amounts are very often much lower 
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than the capacity of their fuel tanks. This characteristic is particularly relevant, in addition to 
the number of take-offs during the specified periods of time, for sizing the airport fuel storage 
capacity and selecting the systems for delivering fuel from the “fuel farm” to the apron/gate 
parking stands, i.e. to the aircraft. In this case, the aircraft fleet should be known for the 
design pf the airport’s “fuel farm”. 


3.2.2. The Surrounding Controlled Airspace 


The airspace around each airport as well as between close airports is designated to 
provide safe, efficient, and effective air traffic. The airspace is assigned to the ATC (Air 
Traffic Control) system, which monitors and guides the aircraft in carrying out their transport 
missions (Janic, 2001). The airport zones are established around the airports to provide an 
efficient management of the arriving and the departing traffic. As the volumes and 
heterogeneity of the air traffic increase respecting the diversity of aircraft performance, the 
wider controlled airspace called the terminal airspace is established. Usually, in the horizontal 
plane, the terminal airspace covers a circle of the radius of 40 to 50 (nm) (nm — nautical mile) 
around a given airport(s). The vertical dimension of this airspace spreads between the ground 
level and the altitude FL (Flight Level) 100 (Each Flight Level is determined by 10° ft, 1ft ~ 
0.305m, ICAO, 1996). The aircraft fly through this airspace along the prescribed arrival and 
departure trajectories, which can be defined either by the radio-navigational facilities or by 
the ATC radar vectors guiding the aircraft. Figure 3.3 (a, b) shows a simplified scheme of the 
terminal airspace around a busy airport operating two parallel runways. 

The arriving aircraft enter the terminal area at the entry points EZ; (i = 1, 2,.., N) usually 
defined by the radio-navigational aids (VOR, NDB, VOR/DME). At the same time, these 
points define the holding patterns for the aircraft before they proceed through the terminal 
airspace towards the landing runways (T/R and T/L). In the holding pattern, each aircraft 
usually follows the circled closed time-defined trajectory while it is vertically separated from 
the aircraft above and the aircraft below by the minimum altitude of 1,000 ft. Under busy 
traffic conditions, passing through the holding procedure is often needed in order to establish 
a safe separation between the aircraft just before entering the terminal airspace. In the 
horizontal plane, the aircraft approach trajectories are usually the curved-shaped lines, which 
connect the entry points and the point(s) where the aircraft intercept the ILS (Instrumental 
Landing System) and start the final approach and landing procedure. 

In Figure 3.3 (a, b), these are the FAG/R and the FAG/L. Usually, the ATC creates these 
trajectories by vectoring aircraft through the terminal airspace in order to provide the safe but 
minimum separation at the FAGs and consequently achieve the maximum throughput close or 
at the level of the runway landing capacity. In the vertical plane, the arrival trajectories are 
either the steep- or the continuous-shaped lines, which spread between the terminal entry 
points and the FAGs. In the former case, the shape is common for the conditions of busy 
traffic and no noise constraints around a given airport. 

In the latter case, the procedure is called the CDA (Continuous Descent Approach) and it 
is applied to mitigate the noise around a given airport, but currently only under conditions of 
low to moderate traffic intensity. 
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Figure 3.3. A scheme of the terminal airspace around a busy airport operating two parallel runways. 
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The approach trajectories through the terminal airspace can be standardized, when they 
are called the STARs (Standard Approach Trajectories). Nevertheless, in vicinity of the 
FAGs, there is always flexibility in assigning the ATC vectors to the aircraft, which will drive 
them until the moment of intercepting the ILS just at the FAGs while at the same time being 
safely separated from the other aircraft. 

The departure trajectories are usually curve-shaped lines in the horizontal plane, which 
spread between the runway departure threshold and the terminal exit points. Some exit points 
can coincide with the entry points, in which case the departing aircraft are vertically separated 
from the arriving aircraft. In the vertical plane, the departure trajectories can have a similar 
profile to the approach trajectories but with the opposite direction of the increasing of the 
altitude. These trajectories can also be standardized as the SID (Standard Instrumental 
Departures) (Janic, 2001; Horonjeff and McKelvey, 1994). 

Each flight can generally be carried out according to the IFR (Instrumental Flight Rule) 
or the VFR (Visual Flight Rules) corresponding to the IMC (Instrument Meteorological 
Conditions) and the VMC (Visual Meteorological Conditions), respectively. If flying the IFR, 
the aircraft are responsible to maintain an assigned flight path while the ATC maintains the 
safe separation between them. If flying the VFR, the aircraft are primarily responsible for 
both maintaining the assigned flight path and a safe separation between each other using the 
principle “see and be seen.” If both the IFR and the VFR flights are carried out 
simultaneously, the division of responsibility between the pilots and the air traffic controllers 
for the safe separation is the same as when exclusively the IFR flights are carried out. 
Specifically, at US airports, depending of the weather conditions, the aircraft landings are 
carried out either under the IMC (Instrument Meteorological Conditions) or the VMC (Visual 
Meteorological Conditions). They both are specified by two parameters: ceiling and visibility. 
Figure 3.4 shows the specifications and the relationships between these two parameters at the 
main US airports. 8 miles. 


Visibility - ceiling from the ground - (000) ft 





0 1 2 3 4 5 6 7 8 9 
Visibility - statute m iles 


Figure 3.4. Characteristics of the meteorological boundary conditions at the selected (75) US airports 
(Compiled from: FAA, 2004; NASA, 2001). 


As can be seen, the ceiling appears to be most diverse when the horizontal visibility is 3 
and 5 (statute) miles and relatively homogenous when this visibility is 4, 7, and in addition, 
most US airports operate at the margin between the “high IFR” and the “marginal VFR” 
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conditions (FAA, 2004; NASA, 2001). The quantitative elements of the IFR and VFR for the 
arriving and departing aircraft are described in Chapter 5 dealing with the analysis of the 
airport capacity. 


3.2.3. The Airport Airside Area 


The Obstacle Limitation Surfaces 

The safe aircraft operations in the immediate vicinity of a given airport are preserved by 
establishing a series of the obstacle limitation (imaginary) surfaces. The fixed and/or movable 
objects in the area must not penetrate these surfaces. Otherwise, these objects would be 
considered as obstacles. This implies that these surfaces, free of obstacles, ensure the safe 
arrivals, departures, and the missed approaches. Figure 3.5 shows a simplified three- 
dimensional scheme of these surfaces. The ICAO defines the following obstacle limitation 
surfaces: 1) Inner horizontal surface; ii) Conical surface; iii) Approach surface; iv) 
Transitional surface; v) Inner approach surface and inner transitional surface; vi) Balked 
landing surface; and vii) Take-off climb surface. Their dimensions are specified for particular 
airport codes and type of approach (instrument or non-instrument) (ICAO, 1999). 
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Figure 3.5. A scheme of the obstacle limitation surfaces (parameters are given for the precision 
approach runway Cat. II, I; Code number 3, 4) (Compiled from: ICAO, 1999). 


The inner horizontal surface is a circle-shaped horizontal plane above a given airport and 
its surrounding. The circle is centered at the airport reference point and depending on the 
airport category, has different radii. Its height is usually 45m. The conical surface spreads 
from the periphery of the inner horizontal surface upward at a slope of 5 percent to a specified 
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height of that surface. The approach surface has, as projected in the horizontal plane, the 
trapezoidal shape with the function to keep the aircraft approach space free from the 
obstacles. It consists of three sections, the two sections besides the horizontal one can have a 
different slope. 

The transitional surface extends upward from the approach surface to the height of the 
inner horizontal surface on both sides of the runway. In particular, for the precision 
approaches, the inner approach and the inner transitional surface are also specified. The 
former protects the airspace just in front of the runway’s landing threshold. The latter protects 
the spaces from the potential obstacles near a given runway such as the aircraft, vehicles, 
and/or the navigational aids. The balked landing surface specified is also only for the 
precision approaches and aims at protecting the space at the back of the approaching runway. 
The take-off/climb surface prevents the emergence of obstacles near a given departure 
runway. Its final width is 1200 or 1800m for the airport categories 3 and 4, the latter if the 
aircraft path changes for more than 15° under the IMC. In addition, the length of the inner 
edge of this surface is 160m, distance from the runway departure threshold 60m, divergence 
on each side 8:1, slope 2 percent, and length 15 km (ICAO, 1999). 

The US FAA has also established the standards for the obstacle limitation surfaces 
around airports, which are just slightly different than those of the ICAO (deNeufville and 
Odoni, 2003; Horonjeff and McKelvey, 1994). 


Runways 

The runways are the basic elements of the entire airport infrastructure. Their main 
function is to enable the aircraft to take-off and land safely. Generally, the airport runways 
can be classified into the instrument and the non-instrument runways. An instrument runway 
enables the aircrafts’ landings using the instruments. If the approach and landing are precise, 
the usual instruments are the ILS (Cat I, H, and III) or the MLS (Microwave Landing 
System). If an aircraft approach is not precise, the instruments are the radio-navigational 
facilities guiding aircraft during the approach and landing. The non-instrument runway is 
used for the visual approaches and landings exclusively. 

The aircraft operations on a given runway are usually carried out into wind. This implies 
that a headwind is most often present,, except during calm weather. In addition, the aircraft 
can also take-off and land with a tail wind with speed up to 9-11 km/h (5-6 knots). The use of 
a given runway can be compromised by the crosswind component, which is the surface wind 
perpendicular to the runway centerline. The maximum value of this component depends on 
the aircraft category, but across the above-mentioned categories, it varies from 19 km (10.5 
knots) to 37 km/h (20 knots). If the crosswind is greater than the above-mentioned limits for 
the corresponding aircraft categories, the runway should not be used (ICAO, 1999). In 
addition, the aircraft of categories D, E, or F (FAA from IV to VI) can also operate under the 
crosswind component of about 46-55 km/h (25-30 knots). 

As already mentioned above, in the designing and orientation of the airport runways, the 
usual objective is that they should be operational for about 95 percent of time during the year 
regarding the constraints of the crosswind component. The configuration of crossing runways 
comes up just because of such requirements. 

The runway length depends on many factors. Among the most important ones are the 
take-off and the landing weight of the “critical” aircraft, the stage length to be flown, the 
weather conditions characterized by the surface wind and the ambient temperature, the 
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runway elevation and presence of the obstacles in its vicinity, and the runway slope and 
conditions (wet or dry). In general, the greater the aircraft weight and the stage length, the 
longer the runway will be needed. The lower headwind, the higher ambient temperature, a 
greater uphill gradient, the higher runway elevation, and a presence of obstacles generally 
increase the runway length, and vice versa. Figure 3.6 shows the basic runway length for 
take-off implying that its elevation is at the sea level, zero wind, zero slope, and the standard 
atmosphere. 
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Figure 3.6. A scheme of a runway with some associated elements. 


Then, this “basic” length is increased regarding the distinction of the actual from the 
above-mentioned “basic” conditions, but, for example, corrections for the runway elevation 
should not exceed 35% (Horonjeff and McKelvey, 1994). 

The separation of runways from the other parts of the airport infrastructure is an 
influential factor for the airport design and particularly for the area of land it will occupy. 
Both the ICAO and the FAA provide the standards for the minimum separation between the 
runway and the taxiway centerlines. According to the ICAO, for the precision instrument 
runways, these separations are 168, 176, 182.5, and 190m for the airport code letters C, D, E, 
and F, respectively. The FAA specifies 120, 120, 120, and 180m for the airplane groups III, 
IV, V, and VI, respectively. The separation between the runway and the aircraft parking area 
is 150m in both cases. In addition, the separation distances between the runway and the hold 
lines where the aircraft wait before take-off are 107.5m according to the ICAO, and 85m 
according to the FAA, in both cases for the aircraft category F and VI, respectively. Finally, 
the runway’s longitudinal and transverse grades are also strictly standardized regarding the 
runway/aircraft category (FAA, 1999). 


The Taxiway System 

The taxiway system connects the runways to the apron/gate complex near and around 
passenger and cargo terminal buildings, and the aircraft maintenance areas, and vice versa. 
The main criteria for designing the taxiway system are the smoothness and the shortness in 
terms of the time and distance of the aircraft maneuvering to/from the runway(s). 

The design standards for taxiways include elements such as the width, curvature, 
minimum separation distances between taxiways and parallel taxiways, the longitudinal and 
traverse slopes, the sight distances, and the distances from the other objects. In addition to the 
taxiways connecting the runways to the apron/gate complex, there are the apron taxiways 
surrounding the airport or crossing it, and the aircraft stand taxi-lanes, which as a specified 
part of the apron enable the aircraft to reach the particular parking stands. The standards for 
these taxiways are the same as that for the taxiways between the runways and the apron/gate 
complex. For example, the FAA standards imply the width of taxiway from 7.5m for Aircraft 
Group I to 23m for Aircraft Group VI. The separation between the taxiway centerlines is 21m 
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for Aircraft Group I and 99m for the Aircraft Group VI. The corresponding distances from the 
fixed or movable objects are 13.5m to 59m, respectively. The distances between the parallel 
taxi-lines vary from 19.5m to 91m, respectively. Finally the distance of taxi-lines from the 
fixed or movable objects varies from 12m for the Aircraft Category I to 51m for the Aircraft 
Category IV. These standards are mostly based on the wingspan of a “critical” aircraft and the 
multiplying factor (FAA, 1990). The corresponding ICAO's standards are within 1.5m of the 
above-mentioned standards while neglecting distinction between the taxiways and the taxi- 
lines. In addition, the standards for design of the special-purpose elements such as the curved 
segments of taxiways, taxiway intersections, and taxiways on bridges, exit taxiways, and 
holding bay areas are also standardized for particular Aircraft Groups (Horonjeff and 
McKelvey, 1994). 


e Layout 

Specifically, the runway exit taxiways are important elements influencing, among other 
factors, the aircraft runway landing occupancy time. At the conventional designs, the angle 
between a centerline of an exit taxiway and a runway centerline is 90°. This angle allows 
aircraft to turnoff and leave the runway after landing at a speed of about 25 km/h. For the 
high-speed exit taxiway, the angle with the runway centerline can be 30°, 45°, or 60°. These 
angles enable the aircraft to turnoff and leave the runway after landing at a speed up to about 
90km/h. The simplified scheme is shown in Figure 3.7. 


Runway 





Figure 3.7. A scheme of the runway’s high-speed exit taxiway. 


In such case, the FAA requires that the runway with such high-speed exit taxiway should 
be separated from the parallel taxiway for at least 180m, which the above-mentioned 
standards already take into account. Location of the high-speed exit taxiways in relation to the 
runway-landing threshold is determined depending on the structure of the aircraft fleet and 
the landing characteristics of particular aircraft. In turn, this location and the number of exit 
taxiways influence the aircraft runway landing occupancy time. In cases of inability for 
carrying out the real-life measurements, which occur at the new airports’ designs, the above- 
mentioned parameters can be estimated by the following reasoning (Horonjeff and McKelvey, 
1994). 
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e Location 

Most aircraft touch down the runway at a speed which is about 1.3 times greater than 
their stall speed at 85 percent of the maximal structural landing weight. The distance between 
the landing threshold and the point of touchdown, assumed to be fixed for most aircraft, 
varies from 150m to 450m (i.e. 500ft to 1500ft). This distance denoted by liq should be added 
to the distance le, which a given aircraft uses to decelerate from the touchdown speed to the 
speed enabling its safe exit from the runway. This distance for a given aircraft type (or 
category) can be determined as follows: 


lL, =(v2,-v2)/2a, (3.1) 


where 
Via is the touchdown speed (km/h or knots); 
Ve is the exist speed (km/h or knots); and 
a, isa deceleration on the runway (m/s? or ft/s’). 


Expression (3.2) implies the unifying dimensions (i.e. units) of particular variables in 
order to obtain the correct results. Deceleration a, depends on the runway conditions (dry, 
wet) and the aircraft breaking capabilities given the other influencing factors. It usually varies 
between 1-1.5 m/s? (i.e. 3-5ft/s’). Some other estimates of this deceleration are 2.4m/s” 
(8ft/s°)(Barker et al., 1999). Consequently, the total distance between the landing runway’s 
threshold and the potential exit taxiway is equal to: l= ka + le However, since the aircraft 
using a given runway may have quite different characteristics, more than one exit taxiway is 
usually designed. They are positioned at the distances from the landing threshold, which 
enable the most aircraft to exit there with a high (required) probability. 


¢ The Number 

Experience indicates that the number of high-speed exit taxiways is usually three in each 
direction of the runway use, in addition to the already existing right angle exits. In general, 
building the high-speed exit taxiways is carried out in order to make them beneficial to 
runways used mostly or exclusively for arrivals and rather non-beneficial to runways used 
mostly or exclusively for departures. 

The holding bay areas are usually located closer to the runways. Thus, they enable the 
aircraft waiting for departures, if being sequenced by the ATC, to temporarily stop in order to 
provide a smooth traffic circulation. 


e The Runway Landing Occupancy Time 

The runway landing occupancy time is defined as the time interval between the moment 
of an aircraft being above the landing threshold and the moment of its full clearing the 
runway at one of the exit taxiways. This time consists of four segments: i) the flying time 
between the landing threshold and the touch down of the main landing gear; ii) the time 
between the touch down of the main landing gear and the touch down of nose gear; iii) the 
time of deceleration from the touchdown speed to the runway exit speed; and iv) the time 
needed for turning off and leaving the runway. It is usually assumed that when the main gears 
touch down, the aircraft speed is about 5-8 knots lower than the speed over the landing 
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threshold. The deceleration in the air is up to about 1m/s” (i.e. 2.5 ft/s). The second segment 
lasts about 3s. The third segment is influenced by the exit speed. The last segment is typically 
about 10s. Consequently, in addition to the collection of statistical data for a given airport 
acre, the total runway landing occupancy time can be estimated parametrically as follows 
(Horonjeff and McKelvey, 1994): 


t, = (Vy. Vg) / 2a; +3+(va -V,)/ 2a, +t, (3.2) 


where 
Vot is the aircraft speed over the threshold (km/h or knots); 
ar is deceleration in the air (m/s? of ft/s’); and 
t- is the turnoff time onto the exit taxiway (s). 


The other symbols are analogous to those in expression (3.1). In addition, in this case, the 
dimensions (i.e. units) for particular variables need unification. The observations and 
measurements have shown that the typical runway landing occupancy times for the aircraft 
exit speeds of about 90-95 km/h vary from 25s to 45s; for the aircraft exit speed of about 25 
km/h these times vary from 45s to 60s (Horonjeff and McKelvey, 1994). The runway landing 
occupancy time plays an important role in estimating the runway landing capacity as 
discussed in Chapter 5. 


The Apron/Gate Complex 

The apron gate/complex consists of the aircraft parking stands and the necessary facilities 
and equipment to serve the aircraft during their turnaround times. In general, the aprons can 
be divided into those for the passenger and those for the cargo and general aviation aircraft. In 
addition, some can be in front of the airline hangars and the maintenance bases. They can also 
be classified into those enabling the short aircraft turnaround time and those providing the 
aircraft long time parking. Specifically, the apron/gate complex for passenger aircraft can be 
divided into a part close to and a part remote from the passenger terminal building(s). 
Configuration of a given apron/gate complex generally depends on the configuration of the 
passenger terminal complex. The latter can be according to the linear, finger or pier, satellite, 
and transporter concept, and their variations. In addition, particular concepts of the terminal 
complex can be combined thus creating a “hybrid” concepts. 

Sizing of the apron/gate complex expected to accommodate different aircraft types can be 
carried out using the Equivalent Aircraft (EQA) factor (FAA, 1988). This factor is obtained 
by dividing the average number of aircraft seats by 100. Consequently, it may range between 
0.5 (for the aircraft with 1-60 seats) to 4.8 (for the aircraft with 421-500 seats). The 
benchmarking case is the value of the EQA factor of 1.0, calculated for the aircraft with 91- 
110 seats. After determining the number of atm (air transport movements) of different aircraft 
types during the peak- (design) hour, the gate EQA composition can be calculated as the 
product between the number of atm of given aircraft types and the corresponding EQA 
factors. The obtained values for the EQA should be increased for the utilization factor of each 
gate/stand category, which is usually less than or equal to one. In order to maximize this 
utilization factor and consequently minimize the required size of the apron/gate area, the 
gates/stands should be designed to be flexibly used by different aircraft types. This implies 
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providing a sufficient space, optimizing the composition of different stands, and consequently 
planning a larger number of the large parking stands than is actually needed. Then, the 
obtained EQAs for the specified aircraft types are multiplied by the aircraft “footprint” in 
order to determine the total area of the apron/gate complex for a particular aircraft category. 
In this calculation, the aircraft “footprint” is increased by adding the safe “buffer” around 
each aircraft and the surrounding objects excluding the aircraft-servicing vehicles. For the 
airport code letters A and B, the “buffer” amounts to 3m, for the code letter C it is 4.5m, and 
for the code letters D, E, and F it is 7.5m (FAA, 1988; ICAO, 1999). For example, the 
necessary space for the largest A380 is 80x80m, which with the additional safety “buffer” of 
7.5m on each side, gives the footage of 95x95m. Figure 3.8 shows the relationship between 
the aircraft size and the required space for a single apron/gate parking stand derived 
respecting the above-mentioned principles and parameters. 
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Figure 3.8. The size of an apron/gate parking stand vs. the aircraft size (Compiled from: Caves, 1994) 


As can be seen, this space linearly increases with increasing of the aircraft size. Anyway, the design and 
sizing of the apron/gate complex requires a careful consideration, which should take into account the 
following facts: i) The apron/gate complex should appropriately fit the current and the prospective 
expansion of the passenger terminal building(s) in cases of the terminal-closer apron/parking stands; ii) 
The efficiency of movement of the aircraft and passengers to/from the aircraft should be in balance, i.e. 
trade-off; and iii) A sufficient space should be provided for the aircraft maneuvering in and out of 
particular parking gates/stands. The last issue is particularly interesting because it frequently happens at 
the airports operating pier or finger terminal concepts. There, an aircraft maneuvering in and out of the 
parking stands between two fingers or piers can block all other aircraft from entering or leaving their 
stands for the time period between the entering the space between the given close fingers or piers and 
the time of parking on the intended stand, or vice versa. This usually extends the gate occupancy time 
of all affected (blocked) aircraft, creates ultimately the need for more parking stands, and eventually 
causes the aircraft’ departure delays. 
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In order to avoid such impact, the sufficient number of taxi-lanes of the appropriate width 
needs to be provided. If only one taxi-lane(s) enables entry/exit from a given number of gates 
(maximally 4-6), its minimal width should be proportional to 1.2 times of the wingspan of the 
largest aircraft plus 6m for the service roads on both sides of the taxi-lane. In cases of the 
separate entry and exit taxi-lane(s), their total width should be proportional to 2.3 times of the 
wingspan of the largest aircraft plus 9m for the service roads on the external side of each of 
them (Caves, 1994; deNeufville and Odoni, 2003, Horonjeff and MCKelvey, 1994). 


The Synthesized (Integrated) Layout 

The main characteristic of an airport is its size, which can be measured by the area of 
land it occupies. This depends on the airport layout and the size of particular components in 
the airport’s airside and landside area. The size of particular components is governed by 
standards mainly related to the shape and the number of runways, taxiways, aprons, and 
related facilities. The selection of particular standards depends on the size of relevant 
(“critical” or the biggest) aircraft and the predicted volume of passenger and cargo traffic. In 
addition, the number and orientation of runways, the most land demanding components given 
the “critical” aircraft, depends on the required usability factor of the given airport with respect 
to the prevailing weather (wind and ceiling) conditions (not less than 95% during the year). 
Also, the runways should be positioned in such a way that the approach and departure areas 
around the airport are free of obstacles, which otherwise could compromise the smoothness of 
the instrumental approaches, landings, missed approaches, and departures (ICAO, 2004). 

In general, the airport’s spatial layout should always try to minimize the land taken on the 
one hand, and provide a reserve land for the future airport expansion, on the other. 
Minimization of the land taken can be achieved by applying three general principles: i) as 
high as possible accurate forecasting of the airport demand including a careful selection of the 
standards for particular components, i.e. the airport should not be built for aircraft which are 
unlikely to operate there; ii) arrangement of particular components, which will ultimately 
minimize the taxiing and the other maneuvering distances and related times in the airside 
area; in such case, particular operations are more effective (i.e. shorter) and more efficient 
(i.e. with less fuel consumption), thus making a given airport more attractive from this 
specific perspective; and iii) enabling building up of a given airport in stages in order to 
prevent the over-capacity and compromising its reasonable utilization. 

The above-mentioned principles can be materialized through the design of six typical 
(theoretical) airport layouts (configurations) mentioned in Chapter 2 (Horonjeff and 
McKelvey 1994). These are: a single runway; two parallel runways both used for landings 
and take-offs; two parallel runways of which one is used for landings and another for take- 
offs; two converging runways each used for both landings and take-offs depending on the 
prevailing wind; two parallel plus one crossing runway each used for landings and take-offs; 
and two pairs of parallel runways of which two outer runways are used for landings and two 
inner runways are used for take-offs. 

Figure 3.9 shows the simplified layout of the above-mentioned configurations including 
the expressions for a rough estimation of the land taken. Particular symbols in Figure 3.9 are 
as follows: A is the area of land taken (ha or km”); d is the width of the runway strip (m); h is 
the width of the airport landside (terminal) area (m); | is the length of the airport landside 
(terminal) area (m); do is the distance between the centerlines of two parallel runways; do1, doo 
is the distance between the centerlines of the first and the second pair of the inner and the 
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outer parallel runway(s), respectively; and a is the angle between a pair of 
converging/diverging runways.,The minimal (standard) values of particular layout’s 
parameters for different airport categories are specified as recommendations (ICAO, 2004). 
For example, the values of these parameters for airports handling the largest aircraft 
(Category D and E) are as follows: d = 300 m, h = 500 m, 1 = 500 m; L = 4500m; do = 2000m; 
do1= doz = 1050. Consequently, the area of land taken can be computed as: A = 260ha for the 
configuration (a), 1035ha for the configurations (b) and (c), 878ha for the configuration (d), 
1179ha for the configuration (e), and 1980ha for the configuration (f). The differences are 
obvious due to increasing of the number of runways. 
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Figure 3.9. Some theoretical schemes of different airport configurations (layouts) (Compiled from: 
Horonjeff and McKelvey 1994) 
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As mentioned above, the size of land taken should be justified by the volume of traffic in 
terms of the annual, monthly, and hourly number of aircraft, passengers, and freight 
accommodated safely, efficiently and effectively. This will in turn enable an appropriate 
utilization of the taken land. In such context, it should be mentioned that at the most airports, 
the actual land taken is usually greater than the above-mentioned theoretical (ideal) values. 
The illustrative examples are the recently built offshore airports in Japan, Kansai, and 
Centrair, located on the artificial lands of 560ha and 470ha, respectively. 


Examples of the Airport Layouts 

In many real cases, the area occupied by an airport is larger than that in the above- 
mentioned theoretical schemes. Many smaller regional airports operate a single runway. 
Almost all large airports operate more than one runway. Typically, the runway length at both 
categories of airports varies from about 2000m at the regional airports to about 4000m at the 
large international hub airports. At the latter airports with several runways, a pair of runways 
can cross or be parallel to each other. If crossing, the runways are positioned at a certain 
crossing angle. In a such case, depending of the prevailing wind, one runway can be used for 
both arrivals and departures, except under the no wind conditions when one can be used 
exclusively for arrivals and another exclusively for departures. Parallel runways can be 
spaced closely or widely. If closely spaced, they usually operate as a single runway under the 
IMC. However, under the VMC, they both can be used either for the parallel arrivals, the 
paired departures, or for mixed operations. The widely spaced parallel runways can be used in 
the so-called “segregated” and “mixed” mode. The former implies using one runway 
exclusively for landings and the other exclusively for take-offs. The latter implies that both 
runways are simultaneously used for both landings and take-offs. At many large airports, one 
or two crossing runways are added to the existing (predominantly used) parallel runways. 
These runways are used relatively rarely given the specific crosswind. Finally, two pairs of 
the closely- or the widely spaced parallel runways can intersect with each other. In 
continuation, some examples of the airport configurations are described. 


e Amsterdam Schiphol Airport (The Netherlands) 

The Amsterdam Schiphol airport occupies the area of land of 2787ha. Currently the 
airport accommodates about 466 thousands atm and 46 million passengers per year. It is the 
secondary hub of Air France-KLM airline and the Sky Team alliance. It is one among five 
biggest airports in Europe together with London Heathrow (UK), Frankfurt Main (Germany), 
Paris Charles de Gaulle (France), and Madrid Barajas (Spain) (Chapter 10). The airport 
operates six runways, of which three are parallel as follows: 18C/36C (3800x45m), 18L/36R 
(3400x45m), and 18R/36 ‘Polder’ (3800x60m). The other three runways are 06/24 
(3500x45m), 09/27 (3450x45m); and 04/22 (2014x45m). The parallel runways are spaced 
sufficiently to enable their independent operation exclusively under the IMC and the IFR. In 
addition, there are 176 aircraft parking stands, one passenger terminal, and seven air cargo 
terminals (Schiphol Group, 2007). Figure 3.10 shows the simplified airport’s layout. 

As can be seen, the passenger terminal complex of the finger/pier type is located in the 
space surrounded by four runways, which enables balanced taxiing time after arrivals and 
before departures from any of these runways. However, taxiing time to/from Runway 
18R/36L ‘Polder, because of its relative dislocation from the main runway system can be 
substantive, sometimes for about 20-30 minutes.’ 
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Figure 3.10. Simplified scheme of layout of Amsterdam Schiphol airport (Compiled from: Schiphol 
Group, 2007). 


¢ San Francisco International Airport (US) 

The San Francisco International Airport (US) is one of the largest airports in the US. It 
spreads over the land of about 1600ha. Currently, the airport handles about 35 million 
passengers and about 340 thousands atm (air transport movements) per year. This is at the 
fourth among the US airports regarding the duration and frequency of the aircraft delays 
(Eads et al., 2001). The airport operates two pairs of parallel runways, i.e. 1L/R and 28R/L. 
The dimensions of runways 10L/28R are 11879x200 ft (3618x61m). The dimensions of the 
runways 1R/28L are 10602x200ft (3231x61m). Each pair of runways is spaced for 750 ft (i.e. 
228.75m), which is sufficient for simultaneous arrivals and departures under the VMC but not 
under the IMC as shown in Figure 3.11. Under the preferable VMC, the runways 28R/L are 
used for the paired arrivals and the runways 1L/R for the paired departures. In dependence on 
the mixture of the arrivals and departures, the paired departures can be realized between the 
successive pairs of arrivals. When the weather deteriorates below the specified minima (20% 
of the time during the year) both pairs of runways operate as a single runway (the West Plan 
for Runways 28R/L and the Southeast Plan for Runways 1L/R) (FAA, 2004; NASA, 1998). 

As can be seen, the landside area with the passenger terminal complex is located close to 
the intersection of both pairs of parallel runways, which from the operational perspective, 
enables the relatively short taxiing times for the landing aircraft and the longer taxiing out 
times for the take-off aircraft using the Runways 28L/R. 
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Figure 3.11. Simplified scheme of layout of San Francisco International Airport (Compiled from: FAA, 
2004). 


If the pair of Runways IR/L is used for take-offs, the taxiing out times will be 
comparable to those of the landing aircraft using the Runways 28L/R. In addition, this airside 
configuration offers flexibility for expansion of the landside area and particularly the 
passenger terminal complex on each side of the runways’ intersection. This also implies 
underground connection between the passenger terminals on different sides of the runways. 
Adding a new runway in either direction requires the additional land to be acquired and 
connection to be established with the existing runway system. 


e NY La Guardia (US) 

The New York (NY) LaGuardia airport is among the three largest airports serving the 
greater New York area. It occupies the land of about 2600 ha. The airport accommodated 
about 22 million passengers and 358 thousand atm in the year 2002 (FAA, 2004). The airside 
area contains two right angle-crossing runways, each of the length of 2135m (i.e. 7000ft), and 
the associated taxiways. Figure 3.12 shows the simplified airport layout. 

In this case, the airside area with the passenger terminal complex is again located closer 
to the inner side of the intersection of two runways. On the one hand, this enables the shortest 
taxiing distances and times overall. On the other, there is again a certain imbalance between 
the taxiing in and taxiing out distances and corresponding times depending on the runway in 
use. For example, when the Runways 31 and 4 are used, the incoming taxiing times are 
shorter than the outgoing taxiing times. 


Airport as the System 51 








22 





13 


roe 


Passenger 


terminal 31 
04 


Figure 3.12. Simplified scheme of layout of the NY LaGuardia airport (Compiled from FAA, 2004). 











When the Runways 13 and 22 are used, the incoming taxiing times are longer than the 
outgoing taxiing times. In general, regarding the airport’s surroundings, there is the lack of 
available space for the airport expansion either by extending the existing runways or 
eventually by building (a) new one(s). However, it seems that there is still a space for 
expanding the landside area alongside the Runway 4/22 at both the inner and the outer side of 
the runways’ intersection. 


3.2.4. The Airport Landside Area 


The size of the airport landside area containing the passenger and the cargo terminal 
complex mainly depends on the airport size and type of the dominant airline’s network. In 
such context, for example, there is the obvious distinction between the passenger terminals 
hosting the airline's ‘point-to-point’ networks, and the terminals hosting the airline’s hub-and- 
spoke networks. In both cases, a smooth movement of passengers and their baggage through 
the terminal, i.e. between the airport access modes and the aircraft, and vice versa, should be 
provided. In general, this can be achieved by the horizontal and the vertical distribution of 
these flows while being in the terminal. 


Horizontal Distribution of the Passenger and Baggage Flows 
e The Basic Concepts Convenient for the Airline ‘Point-to-Point’ Networks 


At the airports hosting predominantly the airline’s ‘point-to-point’ network(s), i.e. mostly 
the origin-destination passenger flows, both the airside and the landside areas are “connected” 
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by the apron/gate complex containing the aircraft parking stands. The apron/gate complex of 
the rectangular shape usually facing the passenger terminal complex is designed according to 
the linear or the transporter concept. One or two mutually connected terminals can handle the 
domestic and international passengers and their baggage. If it is a single building unit at an 
international airport, the functions for the domestic and the international passengers and 
baggage flows are usually centralized with the necessary distinctions. In case of the two unit- 
buildings, these functions are completely decentralized, i.e. one building is used exclusively 
for the domestic and another for the international passengers (Horonjeff and McKelvey, 
1994). 

The Linear concept implies location of the airport apron/gate complex with the aircraft 
parking stands/gates facing and/or alongside the passenger terminal complex. In combination 
with the nose-in and/or the nose-out scheme of the aircraft parking, this concept enables an 
efficient and effective transfer of passengers between the passenger terminal building and the 
aircraft, and vice versa. Figure 3.13 shows a simplified scheme. 

In terms of flexibility for expansion, this concept enables easier extension and/or building 
the new apron/gate and/or passenger terminal complex modularly alongside the existing ones. 
The new terminal complex should be appropriately connected with the existing one. The 
efficient and effective transfer of passengers and their baggage to/from the aircraft and 
flexibility for expansion in line with a growth in the airport traffic volumes are the main 
advantages of this concept. The rather decentralized services and a relatively expensive 
modular expansion can be considered as its main disadvantages. In addition, the aircraft enter 
the particular gates/parking stands by self-maneuvering. After being served, they have to be 
pushed back by a tractor before taxiing towards the departure runway threshold. 
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Figure 3.13. Simplified scheme of the linear concept. 


The transporter concept implies that a part of the apron/gate complex and thus the 
aircraft and their apron/gate service facilities and equipment are located relatively far from 
the passenger terminal complex. At this concept, passengers are transported to/from the 
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aircraft by buses and/or the mobile lounges. In some cases, they would walk. The advantages 
of this concept are: flexibility of expansion for both the growing traffic volumes and/or an 
increase in the aircraft size, the aircraft self-maneuvering while entering and leaving the 
particular gates/parking stands, separation of the aircraft servicing process from the terminal, 
and the relatively short passenger walking distances through the main terminal complex. The 
main disadvantage of this concept is the need for careful planning of the passenger transfer 
to/from the aircraft in order to avoid the flight/passenger delays. In addition, this implies the 
earlier processing of passengers throughout the terminal and the earlier closing of the 
departure gates. 

Nevertheless, many regional airports serving predominantly the OandD passengers are 
designed as “hybrids,” combining the linear and the transporter concept. Specifically, LCCs 
prefer the transporter-like concept, which enables, in addition to the relatively low handling 
costs, also the shorter turnaround time of their aircraft, which consequently, requires a smaller 
number of the higher-utilized parking gates/stands. 


¢ The Basic Concepts Convenient for the Airline’s ‘Hub-and-Spoke’ Networks 

At the airports hosting predominantly the airline ‘hub-and-spoke’ networks, the 
passenger terminal complex is designed generally according to the two design concepts: i) a 
finger or pier concept; and ii) the satellite concept. However, at most of these airports, they 
are combined with the linear and sometimes with the transporter concept, thus creating (a) 
“hybrid” configuration(s). 

The finger or pier concept implies extending a finger or a pier from the main (central) 
terminal building deeper into the existing apron/gate complex towards the airside area, i.e. 
taxiways and runways. In this case, the fingers and/or piers are directly connected to the 
central terminal building. The aircraft parking gates/stands are usually arranged along both 
sides of a given finger or a pier with the nose-in aircraft parking alignment. They can be used 
in the flexible way for accommodating different aircraft types. Such pattern increases 
flexibility of utilization of a finger or a pier. The arrival/departure lounges usually associated 
to the parking stands/gates are arranged inside a finger or a pier including a long hall in the 
middle, thus enabling the transfer passengers to circulate between the gates/flights on the one 
hand, and the OandD passengers to reach their departure gates and/or leave a finger or a pier 
towards the baggage claim area and the arrival hall, on the other. The fingers and/or piers are 
relatively easy to build, at a relatively low investment and operational cost. However, the 
apron gate/complex between particular fingers is limited thus making the interference 
between incoming and outgoing aircraft likely and relatively frequent. As mentioned above, 
in order to minimize these interferences, particularly between the aircraft bundling around the 
rather long and close fingers and/or piers, two separate taxi-lanes for the aircraft exclusive 
coming in and going out from particular parking stands should be designed. In addition, the 
O-D passengers need to make a long walk from the central terminal to/from their gates at 
given fingers and/or piers. As well, passing between particular incoming and outgoing 
connected flights located in the different fingers and/or piers may sometimes require a long 
walk from the transfer passengers, even through the central terminal hall or its parts. This 
could be particularly inconvenient in cases of delays of particular incoming flights and the 
limited connecting time. Figure 3.14 shows a simplified scheme of the fully developed 
finger/pier concept of the airport passenger terminal at a large European airport. 
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Figure 3.14. Simplified scheme of the finger or pier concept: Amsterdam Schiphol Airport (the 
Netherlands) (Compiled from: http://www.skyteam. com. 


The size of particular fingers is directly proportional to the number and size of the aircraft 
parking gates/stands. The area intended for the passengers can be approximated as follows: Sp 
= dN(w+A), where d is the width of a given pier or finger, N is the number of aircraft being 
simultaneously parked at one side of a finger according to the nose-in alignment; w is the 
wing span of the “critical” aircraft; and A is the space “buffer” between the edges of wings of 
any two neighboring aircraft parked alongside the finger. The total width d of a given finger 
or pier depends on the size of the arrival/departure lounges on both of its sides and a width of 
the circulation area in between. The circulation area in the particularly long fingers or piers is 
usually equipped with moving walkways in both directions in order to enable a higher 
passenger moving (walking) speed and thus a reasonably short moving (walking) time. In 
some designs, incoming and outgoing flows of the OandD passengers can be mutually 
separated. They both can also be separated from the transfer passenger flows. In both cases, 
this is achieved using the vertical separation of particular flows. 

Typically, the width of a finger or a pier d can be specified using the characteristic urban- 
planning module nx/5 m, where n can be less, equal, or greater than one. The hub airlines and 
their alliance partners usually use one, two, or more close fingers or piers for accommodating 
their complexes of flights in order to provide a reasonably short connecting time for the 
transfer passengers. 

The satellite concept implies a composition of the smaller physically separated (isolated) 
building units, i.e. satellites, connected mutually and to the main terminal building by the 
surface and/or the underground fixed and/or mobile connections. These can be the fixed 
constructions, i.e halls, and/or the surface (or underground) mobile vehicles shuttling between 
them. Figure 3.15 shows the simplified scheme of the satellite concept at a large US hub 
airport. In general, the satellite units can have the round or the rectangle layout, the later 
looking similarly like fingers or piers without the fixed connection with the central terminal. 
They could be designed differently. At the above-mentioned Atlanta Hartsfield airport in 
Figure 3.15, these separate units are called concourses, which are connected mutually and to 
the main terminal by the underground automatic people mover. 
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Figure 3.15. Simplified scheme of the satellite concept: Atlanta Hartsfield airport (US) (Compiled 
from: http://www.skyteam. com. 


The system consists of nine, four-car trains running within the closed 5.6 km long track 
approximately every 2 min. Such frequency enables the efficient collection and distribution of 
passengers from/to the particular concourses and the main terminal. The aircraft are parked 
around the satellites and/or concourses accordingly, i.e. nose-in. 

The main operational characteristic of this concept is that each satellite unit or a 
concourse can operate as an independent lounge with the centralized check-in. The security 
control can be either centralized in the main terminal or decentralized in a given satellite unit. 
Anyway, the fixed (usually underground) connection between the unit and the main terminal 
needs to be provided. In addition, the walking distances within the satellites and/or 
concourses as well as between these and the main terminal could be sometimes relatively long 
and thus be time consuming. As well, passing from one satellite unit to any other often takes 
place through the main terminal and as such can be also be very time consuming. However, 
the aircraft can maneuver easier. 

Using similar notation as in the case of a finger or a pier concept, the length of a round 
satellite unit enabling parking of the aircraft of a wingspan w can be approximated as: Ls = 
27w and the area as: S, =a(wtA)’ ~ 3.14(wt+A)’. For example, if the “critical” aircraft is 
A380, the wingspan w = 79.8m and the necessary distance from the other aircraft and objects 
A = 7.5m. Consequently, L = 501m, which enables the design of six parking stands for the 
“critical” aircraft around a given unit. The area of a unit is about S, = 23931 m. The 
equivalent area of the rectangular unit (i.e. concourse) can be estimated similarly as for the 
finger or a pier concept as follows: Ss = dN(w+A). If again six aircraft A380 are supposed to 
be parked around a given unit (N = 3 on each longer side of the rectangular shape), the length 
of the unit will be about: L, = 254m, and the size: S, = (d *254)m’. As well, the internal design 
of this unit offers a similar performance in terms of flexibility of accommodating both the 
OandD and the transfer passengers as a finger or a pier concept. 
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Vertical distribution of passenger and baggage flows 

The smoothness, i.e. efficiency and effectiveness, of processing passenger and baggage 
flows in the passenger terminal complex can be achieved, in addition to the horizontal 
distribution, also by their vertical distribution (separation). In such cases, the processing of 
the departing, arriving, and transit/transfer, both the domestic and the international passengers 
and baggage can be arranged at different levels. When these flows are relatively small, their 
processing, and moving through the main terminal building is less complex, so they can be 
successfully accommodated at a single level. In cases of the more voluminous and 
heterogeneous flows, the multi-level (i.e. the most common two-level) terminal concept is 
recommended. Figure 3.16 shows a simplified scheme of some alternatives for such vertical 
distribution (separation) of the passenger and baggage flows in the airport terminal complex 
(Ashford and Wright, 1992). 





d) Three levels 


— Passenger flows 
ENTE æ Baggage flows 








Figure 3.16. Schemes of the vertical distribution (separation) of the passenger and baggage flows in the 
airport passenger terminals (Compiled from: Janic, 2001). 
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The Airport Ground Access Systems 


e Diversity and Some Characteristics of Services 

Each airport is connected with its catchment area by different ground transport access 
modes/systems. These are the road-based buses, taxis, cars, and rail-based systems. These 
systems use the fixed infrastructures also connected to the wider local, national, and 
international road and rail networks. The size of an airport’s catchment area differs at 
different airports. It is usually measured by the distance and/or by the accessibility time for a 
given percentage of passengers and freight volumes. As mentioned above, at most European 
airports, these distances vary from about 50km to 100km and/or from one to two hours. In 
addition, the arrival/departure frequency and the carrying capacity of transport units 
(vehicles) used per a frequency of the non-individual access modes operating according to a 
given schedule are their other characteristics. In particular, the frequency of rail-based 
systems depends on the capacity of the rail lines connecting a given airport and its catchment 
area. The road-based systems may experience delays of particular services if the access roads 
are congested. Such service punctuality has become increasingly important after the 
September 11th (2001) terrorist attack on the US when, because of the extended security 
procedure, most airlines have required their passengers to report earlier at the particular 
departure flights (EC 2002). 

For example, the surface access systems at the US Atlanta Hartsfield airport, the world’s 
largest airport in terms of accommodating the annual number of passengers (about 77 million 
in the year 2006), are particularly illustrative in terms of both the diversity and the 
characteristics of the ground access systems. The first system includes the thirty shuttle 
services offering the door-to-door and on-demand pick-up services in the Atlanta 
metropolitan area and the bordering counties (the airport is located 16 km south of the city of 
Atlanta). The vehicles-vans can carry up to 14 passengers and their baggage. Within the 
metropolitan area, they depart every 15 minutes; from the bordering counties, these vehicles 
depart every half an hour. In addition, the airport is connected to the city by the RTL (Rapid 
Train Link), which offers frequent services. As well, taxi and rent-a-car services are also 
available. The stations of all systems are located conveniently around the main terminal. 
Finally, the airport is fully accessible by the individual cars. For such a purpose, about 30 
thousand parking places are provided around the central terminal complex (Figure 3.15) 
(http://www.atlanta.com). 


e Characteristics of Use 

The number and characteristics of the airport ground-access systems usually depend of 
the airport’s size and the micro-location in its catchment area. A choice of particular access 
mode depends on the characteristics of users on the one hand, and the mode spatial and time 
accessibility (i.e. convenience) on the other. In general, some investigations have shown that 
the higher income air travelers prefer the individual car and/or taxi. For example, at the most 
large US airports, the overall share of the individual car has been for about 54% (these 
passengers have also parked their cars at the airport). About 31% of passengers have been 
dropped-off by car and about 13% have used a taxi or the shuttle bus. Finally, overall, only 
about 2% of passengers have used the public transport modes (bus and rail system). The main 
reasons for such low use of these modes at a global scale have been their unavailability at 
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many airports (particularly rail), the inconvenient spatial accessibility (i.e. closeness to the 
final origin/destination in the catchment area), and the convenience for handling a baggage. 
At airports with more convenient rail systems and services such as the Atlanta Hartsfield and 
the Washington National airport, the rail has shared about 5-6% and 9-11%, respectively, in 
the total use of all ground access modes (Hwang et al. 2000). 

At European airports, the individual car use has also predominated over the use of the 
public transport systems. Table 3.1 gives an example of the market share of particular ground 
access modes at these airports. 


Table 3.1. The market share of the ground access modes at the selected European 
airports in the year 2002 (%) 























Airport The access mode/Share (%) 

Rail Bus Taxi Private car Other 
London Heathrow 22 12 26 39 1 
London Gatwick 21 9 17 50 3 
London City - 24 46 28 5 
Amsterdam Schiphol 35 2 15 45 3 
Frankfurt Main 17 17 20 45 1 


























Compiled from: BAA, 2005, Schiphol Group, 2007. 


In addition, Table 3.2 specifically gives development of the use of particular ground 
access systems at the London Heathrow airport (UK). These include the private car and taxi, 
and the public bus, underground (tube- Piccadilly Line), and the surface rail transport modes 
(BAA, 2005). 


Table 3.2. The market share of the ground access modes at London Heathrow airport 
during the period 1998-2004 (%) 














Access mode Year 

Share (%) 1998 1999 2000 2001 2002 2003 2004 
Private and hired car/taxi 68.5 64.5 64.0 65.4 65.6 64.5 64.2 
Bus 15.0 13.9 13.9 13.1 12.3 12.6 12.4 
Tube 14.8 13.9 13.6 13.1 13.3 14.0 14.2 
Surface rail 2.7 7.1 8.5 8.4 8.8 8.9 9.2 
Total public transport 32.5 34.9 36.0 34.6 34.4 35.5 35.8 





Source: BAA, 2005; DETR, 2004. 


As can be seen, during the observed period, about 35% of the OandD passengers were 
using the public transport systems. The rest was relying on the individual car and taxi. In such 
context, the tube and the bus transport system were used approximately in the same 
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proportion. The surface rail was used the lowest but with an increasing proportion over time. 
Currently, the airport employs 68,400 people. During the same period, they have mainly used 
the individual car (about 78-80%) for the daily commuting to/from the airport. Nevertheless, 
the use of public transport has increased to about 22% at the end of the observed period. 


3.2.5. Some Advantages and Disadvantages of the Particular Landside 
Concepts 


At present, an agreement within the airport planner and design community on the optimal 
configuration of the airport landside area, and particularly the passenger terminal complex do 
not exist. In general, with respect to the criteria such as the cost, access, and the quality of 
service, the particular concepts have shown the following characteristics, i.e. advantages and 
disadvantages (FAA, 1988): 

The linear concept possesses generally the high investments and the operational costs 
mainly because only one (the front) side of the terminal can be used for the aircraft parking. 
The access for the aircraft is a relatively convenient as well as for the OandD passengers from 
the opposite side of the terminal. However, it appears to be a very inconvenient concept for 
the transfer passengers. The quality of services is relatively low since the concept requires an 
excessive staff per passenger, provides a relatively low traffic volume(s) and consequently the 
space for concessionaires. It has been shown as the convenient concept for accommodating up 
to about one million passengers per year. 

The transporter concept has different cost characteristics depending of the variability of 
traffic volumes. If the traffic variability is relatively low, these costs are high, and vice versa. 
The access of both the aircraft and passengers is relatively convenient. The quality of services 
provided to passengers is satisfactory. This concept has shown particularly convenient for the 
annual volumes of traffic over about three million passengers, of which more than 75% are 
the O-D passengers. 

The finger or a pier concept has relatively low investments’ and the operational costs 
since the aircraft can access the object from at least two sides. Nevertheless, the operational 
costs could be relatively high in cases when the traffic fluctuation causes under-utilization of 
the building. The concept is generally convenient for the access of the O-D passengers and 
particularly for the transfer passengers. The quality of services, despite relatively long 
walking distances, is relatively high. This concept has shown convenient for the annual 
volumes varying from about a half to over three million passengers, of which at least 25% are 
the transfer passengers. 

The satellite concept has the similar investments’ and the operational cost as the finger or 
a pier concept. It enables the aircraft access from almost all sides thanks to the positioning of 
particular satellites. It also enables the effective and the efficient use of the waiting space and 
the transfer of passengers between their flights. This generally provides a relatively high 
quality of services, particularly for these transfer passengers. This concept has also shown 
convenient for the annual volumes from about a half to over three million passengers. 

The hybrid concept implies any mixture of the above-mentioned basic concepts. Actually, 
the largest airports operate this concept in order to provide the sufficient flexibility in 
accommodating the different patterns of the airline operations at least over the successive 
medium-term periods. On the one side, this is the ‘point-to-point’ and on the other the ‘hub- 
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and-spoke’ airline operations. As well, the hybrid concept synthesizes all advantages and 
disadvantages of the above-mentioned individual concepts. 


3.3. INFORMATION TECHNOLOGY AND SYSTEMS (ITS) 
AT AIRPORTS 


3.3.1. The Airport Functions 


The main function of an airport is to provide a space and the conditions for aircraft 
landings and take-offs. The unloading and loading of a payload (passengers and freight), 
crew, and the aircraft ground servicing (cleaning, refueling) take place between these two 
operations. The arriving aircraft firstly approach the airport through the terminal airspace and 
the airport zone, land on a given runway, and after leaving it move along the taxiways to the 
apron/gate parking position(s). Then, the incoming passengers and freight leave the aircraft, 
pass through the corresponding arrival terminal halls/space, catch one among the airport 
ground-access modes, and use them to reach the final destination in the airport catchment 
area. The aircraft that have just arrived are serviced at the gates before being able to accept 
the outgoing passengers and freight. These have started the air trip from their origins in the 
airport catchment area, arrived at the airport by one of the ground-access modes, passed 
through the outgoing procedures within the corresponding terminals, and finally reached the 
gates, where their aircraft are ready for boarding. In addition, at the large hub airports, there 
can be a substantive proportion of the transfer/transit passengers and freight. In order to 
connect from the incoming to the outgoing flights, they should pass the transfer procedure in 
the corresponding terminals depending on the combination of the incoming and outgoing 
flight(s) | (domestic-domestic, | domestic-international, international-domestic, and 
international-international). 

In general, each airport provides the infrastructure, facilities and equipment to perform 
the functions as follows (Ashford et al., 1997): handling passengers and freight; servicing and 
maintenance of aircraft; enabling the airline operations and providing the accommodating 
space for the aircraft and ground crew, the airport terminal, and office staff; providing the 
aviation support facilities (the air traffic control, refueling of aircraft, and the other airport 
ground vehicles in the widest sense); providing the space for concessionaires and business 
companies, and the space for the government functions such as police, immigration/custom, 
and medical services. At most airports, these functions are supported by the airport ITS 
(Information Technology Sytsems). 

In general, ITS is defined as application of advanced sensor, computer, electronics , and 
communications technologies aiming at maximizing efficiency, effectives, and safety of 
operations of airport infrastructure and services. Many of these systems support the above- 
mentioned attributes of the airport operations in real time. Similarly, as the ITSs applied to 
other components of the air transport system and other transport modes, the IT’S of airports 
consists of three basic interrelated functions: data collection, data processing, and distribution 
(dissemination) of information to the end users. They use this information for making 
decisions on executing particulate tasks in the scope of given processes. Specifically, the 
function “data collection” implies gathering information from sources such as the field 
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devices, providers of the various services, and other relevant sources. The function “data 
processing” implies making the collected data usable to support given tasks. Finally, the 
function “distribution (dissemination) of information” implies making the information 
available to given users such as the airport operator, airlines, the ATC/ATM, operators of the 
ground access systems, the airport service users such as passengers and freight shippers, the 
airport employees, etc. (ACC, 2008). 


3.3.2. Structure and Components of the Airport’s ITS 


The airport ITS relate to its main functions and organization. The latter may differ 
between the airports and be mainly dependent on their size and structure of ownership. In 
general, regarding the basic airport functions, organization of most airports consists of two 
broad categories of departments. The first category includes the so-called administrative 
departments such as the airport planning, finance, legal issues, and administration. The other 
category embraces the engineering and maintenance, operational, and commercial 
department. In addition, at some airports, the organization of particular departments could be 
set up at different, adequately managed layers. Consequently, the main components of an 
airport ITS shown in Figure 3.17 are as follows: Airport ITS Communications Systems, 
Airline and Airside Operations Systems, Airport Landside Operations Systems, Airport 
Safety and Security Systems, Airport Facilities and Maintenance Systems, Airport 
Development Systems, and Airport Administration Systems (ACC, 2008). 


Airport ITS (Information Technology Systems) 








Airport IT & Communications Systems | 


Airline and Airside Operations Systems 














1 
Airport Landside Operations Systems 


Airport Safety and Security Systems 
if 
Airport Facilities and Maintenance Systems 


| Airport Development Systems 


























Airport Administration Systems 


Figure 3.17. Scheme of the structure and components of an airport ITS (Compiled from: ACC, 2008). 
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As can be seen, an airport ITS can consist of seven components, each considered as the 
separate “System”. 

Airport ITS Communications Systems: These embrace the necessary infrastructure for 
supporting all ITS components and communications. This infrastructure includes the physical 
infrastructure (cables, communications rooms), and ETH active infrastructure (local network, 
service voice recorders, etc). 

Airline and Airside Operations Systems: These consist of ITS needed for processing users 
(aircraft, passengers, and freight shipments) through the airport airside area. The components 
are the sub-systems supporting Airport Operational Database, Resource management, 
Electronic Visual Display Information, Passenger Processing, Passenger Loading Bridge, and 
flight Tracking. 

Airport Landside Operation Systems: These include ITS for processing passengers and 
their baggage, and freight shipments in the airport landside areas. They include sub-systems 
such as Parking, Vehicle Identification, Taxi Dispatch, Surface Vehicle Monitoring, Fuel 
Management, and Lighting. 

Airport Safety and Security Systems: These include ITS supporting safe and secure 
airport operations. They consist of the sub-systems such as Command and Control Center, 
Mobile Command Post, Computer Aided Dispatch, Closed Circuit Television, Cameras, In 
Line Explosive Detection, Screening, and Biometrics. 

Airport Facilities and Maintenance Systems: These consist of ITS supporting and 
maintaining the planned performance of operations of airport facilities. The main constituting 
sub-systems are Building Management, Computerized Maintenance management, Signage 
Management People Movers, Material and Energy Management, Air Bridge Maintenance, 
Vehicle Parking Access Maintenance, Waste Management and Airport Vehicle Management. 

Airport Development Systems: These include ITS supporting the airport planning, 
construction, and the environmental compliance. The main sub-systems are Project 
Management, Environmental Management, Pavement Management, Geographical 
Information System, Circulation Flow Analysis and Simulation, and Marketing. 

Airport Administration Systems: These include ITS supporting the airport business 
administration. They consists of the sub-systems such as Financial Management, Procurement 
Management, Assets Inventory Management, Human Resource Management, Space and 
Lease Management, Property Management, Time and Attendance, Meeting Management, 
Library and Regulation Management, Noise Monitoring, Airport Revenue Management, E- 
Commerce websites, Tenant Relations, and Database Management. 

The above-mentioned airport ITS can generally be implemented through four integrated 
processes such as planning, design, construction, and commissioning (ACC, 2008). 


3.3.3. Contribution of ITS to the Airport Functions and Operations 


The airport ITS generally serves to improve efficiency, effectiveness, and safety of 
airport operations in both airside and landside area. The first implies increasing profitability, 
the second means providing quality of services to users as planned, and the last means 
preventing occurrence of incidents and accidents due to known reasons. Essentially, 
operations intended to serve aircraft, passengers and their baggage, and freight shipments are 
performed faster and more accurate, which accelerate the processes and consequently enable 
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a larger throughput in a given airport component. The shorter time of operations, in 
combination with allocating some of these operations directly or indirectly to users (for 
example, providing screens with information on flights and baggage claim devices to 
passengers) reduces the needed staff and consequently raises productivity. In parallel, the 
faster operations carried out for given volume and intensity of demand diminishes the number 
of units of demand simultaneously occupying a given space, which in turn, for a given space 
standard(s) of quality of service, reduces the size of the overall space, thus making its 
utilization more efficient. As well, the necessary self-screening and scanning of passengers 
and their baggage does not compromise the planned performance of their overall processing 
as well as the overall people’s feelings of comfort. At the same time, the risk of making 
mistakes and misjudgment decreases, which also decreases risk of compromising security 
later on. 
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Chapter 4 


THE AIRPORT DEMAND 


4.1. INTRODUCTION 


During the past two decades, considerable academic and professional literature has been 
devoted to the planning of the air transport system consisting of airlines, airports, and the 
ATC/ATM (Air Traffic Control/Management). In particular, the efforts have focused on the 
analysis and forecasting of the air transport demand. Estimation of the current and prospective 
demand has needed to be as reliable as possible and consistent in order to enable a reliable 
planning and design of the airport and the airspace infrastructure on the one hand, and the 
airline’s fleet capacity on the other. These efforts will certainly continue in the future at 
different levels of details as well as the geographical scale and scope. Up to date, five large 
groups of players have dealt with the issues: i) the individual (large) airports; ii) airlines; iii) 
the aircraft/engine manufacturers (Boeing, Airbus); iv) the national and the international Civil 
Aviation Authorities and the international air traffic agencies (EUROCONTROL); and v) the 
international civil aviation associations and organizations (ICAO, IATA, ATA, and ATAG). 

In particular, the airports usually endeavor to learn about the medium- to the long-term 
demand in terms of the number of atm (air transport movements), passengers, and freight 
shipments. In addition to the operational/business purposes, these appear to be useful inputs 
for planning the expansion of the infrastructure. In many cases, planning and design of the 
airport infrastructure take place under conditions of the very strong socio-environmental 
constraints, and an inherent operational and financial vulnerability of the incumbent airlines 
and their alliance partners. Therefore, information on the current and the prospective volumes 
of the airport traffic demand should be sufficiently accurate in enabling smooth planning and 
to mitigate the complexity of choosing the alternative solutions. Some recent examples are 
illustrative. The first one is the very long public inquiry on building a new runway at one of 
the biggest airports in the South East of England — London Heathrow airport (UK) (This is 
discussed in Chapter 9) (DETR, 2002; Janic, 2004). The second example is building a new 
(fifth) runway at the Amsterdam Schiphol airport. On the one hand, this has increased the 
airport capacity and consequently the airport’s flexibility for the incumbent airline Air 
France-KLM and its alliance partners. On the other, it has increased the risk of underutilizing 
such increased capacity, in cases if, for example, Air France decides to restructure the current 
KLM network by concentrating more (particularly intercontinental) flights at its main hub 
Paris Charles de Gaulle airport. If this happens, the Amsterdam Schiphol airport can lose both 
the local traffic feeding the intercontinental flights, and consequently the intercontinental 
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flights themselves. An analysis has shown that the number of European and the 
intercontinental flights at the airport has been strongly interrelated as follows: F; = 10.703 F3 
+ 91.92 (R = 0.917; N = 13); (F; - the average daily number of the intercontinental flights; 
Fy is the average daily number of the European short — and medium-haul flights; N is the 
number of observations) (Veldhuis, 2005). The third more general example relates to the 
airline hub airports, which may be faced with loss of traffic due to the restructuring of the 
networks of dominant airlines (and their alliances). This may imply consolidation and 
concentration of operations at the smaller number of large hubs and/or even bankruptcy of 
some of the leading (incumbent) airline(s) (BCG, 2004). 

In such context, for an appropriate management of consequences, a difference between 
the short — and medium - to long-term volatility of demand should be always kept in mind. 
Usually, the demand volatility in the short-term is handled operationally by more efficient and 
effective use of the available airport capacity. The demand volatility in the long-term is much 
more complex to successfully deal with since it might compromise efficiency of the affected 
actors involved, i.e. the airlines and airport(s) (deNeufville, 1995). Consequently, the analysis 
and forecasting of such volatile airport traffic demand should always take into account a close 
relationship between the actors involved, i.e. the airport(s) and the airlines, in combination 
with the main external and internal demand-driving forces, the different global and national 
institutional regulation, and the eventual local environmental (noise and air pollution) 
constraints (FAA, 2004). 


4.2. THE LEVELS OF ANALYZING THE AIRPORT DEMAND 


The airport traffic demand can be analyzed at different levels depending of the purpose 
and available data as follows: i) the general (macro) level, which considers the total aggregate 
(scheduled and non-scheduled) demand between a given airport and the other airports serving 
the larger geographical areas-regions; ii) the intermediate (mezzo) level, which regards the 
scheduled and the non-scheduled demand in the same scope; and iii) the detailed (micro) 
level, which regards the airport demand in terms of the type and regularity of services 
between a given point and the other airports, cities, and/or routes. The former two levels are 
reasonably manageable regarding the available data. The last level could be very complex and 
time consuming particularly if related to the large airport connected directly or indirectly to 
the numerous domestic, continental, and intercontinental airports (cities). Table 4.1 gives an 
indication on the potential complexity of this detailed level by referring to the number of 
routes, the volume of passenger demand, and the number of airlines operating at the particular 
EU (European Union) airports. In addition, Figure 4.1 shows an example of connectivity of 
particular large European hub airports, expressed by the number of destinations they are 
connected to over a given period of time. As can be seen, in general, the Frankfurt-Main 
airport (Germany) has been connected the best and the London Heathrow airport (UK) the 
worst in terms of the number of accessible destinations by direct flights. Obviously, the 
analysis and forecasting of demand at a given airport for hundreds of markets-destinations 
could be very complex and is a data-demanding task. Nevertheless, the process has a certain 
generosity illustrated by the self-explanatory scheme in Figure 4.2. 
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Table 4.1. The number of passengers, destinations, and airlines at the selected 





























EU Airports in 2003 
Airport Annual number Number of Number 
of passengers (million) destinations of airlines 

Amsterdam Schiphol 39.808 245 88 
London Heathrow 63.207 190 89 
London Gatwick 29.893 241 80 
London Stansted 18, 716 144 20 
Frankfurt Main 48.107 300 154 
Dusseldorf 14.172 225 75 
Hamburg 9.424 240 74 
Luxembourg 1.449 40 10 




















Source: van den Broek and Nabielk, 2004. 
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Figure 4.1. Connectivity of the main European hub airports over time (CAA, 2004; EC, 2003; Schiphol 
Airport, 2005) 


4.3. DIVERSIFICATION OF THE AIRPORT DEMAND 


4.3.1. The Scope and Diversity of Consideration 


The airport’s demand can generally be considered either as taken together or in the 
disaggregate form, the latter in the particularly diverse segments defined according to selected 
criteria. At the small- and the medium-sized airports, which are mostly the origins and the 
destinations of the national and continental air traffic, the volumes of the atm (air transport 
movements), passengers, and freight shipments are usually considered in the aggregate form. 
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Figure 4.2. A generic scheme for analysis and forecasting of the airport demand. 


At the large hub airports, the passengers and freight shipments are usually diversified in 
terms of the type and geographical scale. Such diversification may be convenient for the 
demand analysis and forecasting using the procedure shown in Figure 4.2. 


4.3.2. The Scheduled Passenger Traffic 


The O-D (Origin-Destination) Passengers 

The Origin-Destination (OandD) passenger is a passenger who begins (ends) his (her) air 
trip at a given airport. At the most airports, the scheduled O-D (Origin-Destination) passenger 
demand represents the main portion of the total demand (greater than 50%). The development 
up to date has shown that the airport(s) have become large if they have been able to generate 
and attract the substantive volumes of the O-D passengers. These have been the airports 
characterized by: 1) the central geographical location; ii) the large and affluent catchment area 
regarding the GDP (Gross Domestic Product), population, employment, and PCI (Per Capita 
Income); and iii) hosting a financially stable large airlines and (eventually) their alliances. 

Figure 4.3 (a, b) illustrates an example reflecting the importance of the size of the airport 
catchment area and the market share of the major airline(s), respectively. These relate to the 
volumes of the annual passenger traffic at ten largest European airports (London area is 
represented by four airports) (BCG, 2004; UN, 2004; Schiphol Airport, 2005). 
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In this case, the GDP (Gross Domestic Product as the product of the average Per Capita 
Income and population of the urban agglomeration around the airport represents the size and 
affluence of the airport catchment area. This is slightly different than in the case when the 
size of population of the airport catchment area is defined by the airport accessibility in time 
(Veldhuis, 2005). 
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Figure 4.3. The affluence of the catchment area and the market share of the major airlines on the 
volumes of passengers at largest European airports (2003) (Compiled from: BCG, 2004; UN, 2004; 
Schiphol Airport, 2005). 


As can be seen, the GDP of the airport catchment area and particularly the activities of 
the major airlines have driven the total volumes of the airport passengers of which the O-D 
segment has amounted for about 50-60% (BCG, 2004). For example, the regression equation, 
in which the annual number of passengers per airport (Q) is considered as the dependent 
variable, and the GDP of the airport catchment area (GDP) and the market share (S) of the 
dominant airline as the independent variables, for 11 major European airports, has been 
estimated as follows: Q = 1.023 GDP °*” S °" (tọ =-3.015; tı =3.983; t = 3.644); R = 
0.637; F= 9.098, DW= 1.024; N =10. Consequently, if the major airline(s) was forced to 
reduce its activities independently of reasons such as bankruptcy, moving services to the more 
convenient locations or, for example, due to strengthening of the LCCs (Low Cost Carriers) at 
the neighboring airports, the prospective airport traffic could be severely affected. The real- 
life examples are the long crises and finally a bankruptcy of Sabena and Swissair airlines, 
which severely affected the traffic at the Brussels and Zurich airport, for about 23% and 30% 
of the total traffic, respectively, over the period 2000-2003 (BCG, 2004). 

In the given context, the smaller regional airports have benefited from the LLCs, which 
have particularly stimulated growth of the scheduled passenger traffic. In particular, some 
large airports in Europe and the US have been affected by the LCCs, in at least three ways: i) 
generating a tremendous passenger traffic at the smaller regional airports, which otherwise 
would be handled by the larger airports; 11) affecting the market share of the large airport(s) in 
the multi-airport system(s); and iii) affecting the incumbent airlines at their hub airports. 
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e Generating Substantive Volumes of Passenger Traffic at Smaller Regional 
Airports 

The LCCs have generated the substantive volumes of passengers at the smaller-regional 
airports. Figure 4.4 shows an example of development of the passenger volumes at the 
London Stansted and London Luton airport (UK). 

In the former case, at the London Stansted airport, the LCCs EasyJet and Ryanair have 
mainly driven growth of the passenger demand together with some other charter (leisure) 
carriers. In the later case, at the London Luton airport, the LCC EasyJet has been the main 
contributor to the fascinating growth of the passenger volumes. 
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Figure 4.4. Development of the passenger traffic at the London Stansted and London Luton airport 
(Compiled from: CAA, 2006). 


e Affecting the Market Share of the Large Airport in the Multi-Airport 
System 

In some cases, the LCCs operating at particular (smaller) airports of the multi-airport 
system have significantly influenced a redistribution of the passenger volumes between the 
airports mostly on the account of the larger airports hosting the full cost (legacy) airlines. 
Some statistics indicate that during the period 1994-2004, six US large-hub airports lost 
between 8% and 18% of their market share in the regions they served because of developing 
LLCs at the smaller airports serving the same regions. 

Figure 4.5 shows an example of variation of the market share at four London airports, 
Heathrow, Gatwick, Stansted, and Luton mainly influenced by the frequent crises of the 
Heathrow’s and Gatwick’s incumbent airline British Airways (BA); and particularly by the 
very strong and aggressive development of the two large LCCs EasyJet and Ryanair at the 
Luton and Stansted airport (see Figure 4.4) (DETR, 2002; EC, 2002; Janic, 2004). 
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Figure 4.5 Development of market share at four London airports (Compiled from: CAA, 2006) 


e Affecting the Incumbent Airlines at Their Hubs 

The LCCs have affected the traffic of the full cost (legacy) airlines at their main hubs in 
two ways: 1) by offering direct flights between particular spoke airports of the hub-and-spoke 
networks of the full cost (legacy) airlines; thus, instead of going indirectly through the hub, 
passengers have offered to fly directly between their origins and destinations; the price and 
not the flight frequencies being the crucial factor for the airline choice; and ii) by starting 
operations directly between the hub(s) and particular spoke airports of the networks of the full 
cost (legacy) airlines. Table 4.2 gives an indication of such development of the LCCs at the 
Amsterdam Schiphol airport (the Netherlands) as the secondary hub of the Sky Team alliance 
where EasyJet has set up one of its base airports. 


Table 4.2. Development of the LCCs (Low Cost Carriers) at the Amsterdam Schiphol 
































airport 
Year Passengers | Daily Number Number Sharein the total 
(Million) frequency | of destinations | of airlines | passenger volume 
(%) 
1997 0.2 3 1 1 0.6 
1998 0.3 4 2 1 0.9 
1999 0.4 5 2 1 1.1 
2000 0.8 10 3 1 2.0 
2001 2.0 27 10 2 5.1 
2002 2.9 35 13 2 7.1 
2003 3.8 50 24 6 9.5 
2004 4.2 58 31 8 9.9 
2005 4.8 66 42 13 10.4 


























Source: Shiphol Airport, 2005. 
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In this case, these and other LCCs such as Virgin Express, bmibaby, Wizz and BudgetAir 
have considerably contributed to the traffic growth by reaching about 10% of the total 
passenger volumes at the airport in 2005. The airport operator recognized that the LCCs 
might have been an important driving force of airport growth, particularly after KLM as the 
main full cost airline and its alliance partner (Wings) had experienced stagnation due to the 
external global disturbances, and then had merged with Air France and integrated into the Sky 
Team alliance. The eight dedicated parking stands/gates around the dedicated finger have 
been sized and designed exclusively for the LCCs (Figure 3.14). 

The above-mentioned development has generally eroded the passenger volumes taken by 
the full cost (legacy) airlines. Considering such threats, these airlines have set up their LCC 
subsidies aiming at competing with the other LCCs and at the same time “feeding” their long- 
haul flights together with the regional alliance partners operating the cheaper short-haul 
flights. The former example is the Lufthansa’s LCC German Wings. The latter example again 
is the taking over of Swiss Airline by Lufthansa, and thus spreading its global network to the 
Zurich airport. A quite opposite example is BA (British Airways), which sold its LCC 
subsidy GO to EasyJet and thus enabled the already strong LCC to enter and become one of 
the main driving forces of the passenger traffic volumes at the London Stansted airport 
(Figure 4.4 and 4.5). 


e Developing the Specific Relationships with the Host Airports 

The impact of LCCs on the traffic growth has been substantive particularly at the smaller 
regional airports where they have simply activated the already existing infrastructure, 
facilities, and equipment. They have specifically required for their aircraft the short turn- 
around time usually at discount charges. The processing of passengers through the terminal 
complex would have to be relatively fast too. The airports fulfilling these requirements have 
directly benefited from the traffic growth, which in turn have created their relatively strong 
business relationships with the hosted LCCs. Nevertheless, these relationships have always 
inherently contained a threat of abandonment as soon as the LCCs’ short-term profits have 
not been as expected. 

Data on the volumes of the O-D passenger traffic volumes for the most airports is 
available on the annual (and monthly) basis from the relevant airport statistics. In addition, 
the similar data can be found in the statistical reports of the international organizations 
(Airport Council International — Europe and North America, EUROCONTROL, US FAA, 
and ICAO). 


Transfer and Transit Passengers 


e Transfer 

The transfer passenger is a passenger who arrives at a given airport by one aircraft and 
departs from the same airport by some other aircraft without breaking its journey between a 
given origin and destination. This category of passenger has particularly increased after many 
large airlines introduced the hub-and-spoke networks at their main hub airports. The hub-and- 
spoke network operations imply scheduling the “waves” of incoming and the “waves” of 
outgoing mutually connected flights at the given hub airport during a relatively short period 
of time. These “waves” usually have a repetitive character during the day (Janic, 2004; 2005). 
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Within a given wave, the passengers from the incoming flights transfer to the outgoing flights 
of the same airline or its alliance partners during the time of about a half, one, or two hours. 
This time, called the Minimum Connection Time (MCT), is standardized in dependence on 
the type and combination of the incoming and the outgoing flight(s). Table 4.3 gives some 
examples of MCT for the selected European airports (Dennis, 1994). 


Table 4.3. The Minimum Connection Time (MCT) for the selected European airports 






































Airport Minimum Connection Time | Combination of The incoming/ 

(MCT) the outgoing flights 
Amsterdam 40 Short-haul — Short-haul 

50 Any other combination 
Copenhagen 30 Domestic-Domestic 

45 Any other combination 
Frankfurt 45 Any combination 
London Heathrow (British 45 Inside Terminal 1 
Airways) 45 Inside Terminal 4 

75 Terminal 1- Terminal 4 
Madrid 60 International-Domestic 

45 Any other combination 
Paris CDG (Air France) 45 Any combination 
Rome 60 International-Domestic 

45 Any other combination 





Source: AEA, 2004. 


In the above-mentioned example, the MCT is shorter for a pair of the short- and the 
medium-haul national or the international-continental flights and longer for any pair of the 
continental-intercontinental flights. The MCT might be dependent on many factors such as 
the configuration of passenger terminal complexes, and the airline/airport aircraft parking 
strategy. The apron parking stands/gates of the incoming aircraft-flights should be as close as 
possible to the stands/gates of the outgoing aircraft-flights in order to enable: as short as 
possible passengers’ walking distance and transfer time, simplification and speeding up of 
their passing through the transfer area, and consequent less space and less interferences with 
the O-D passengers. This decreases the aircraft turnaround timer. In addition, the MCT is 
shorter if the passenger transfer is carried out in the terminal buildings with a “common roof” 
(Table 4.3). 

Data on the transfer passenger volumes is usually scarce at most airports, at least 
regarding the publicly accessible sources. Sometimes, the interviews carried out from time to 
time have provided some relevant information (HACAN ClearSkies, 2005). In addition, the 
airports have provided usually highly aggregated information (Burghouwt and de Witt, 2003; 
EU, 2002). As well, quantification of these volumes has been the matter of some research 
(Dennis, 1998; HACAN ClearSkies, 2005). 


e Transit 
The transit passenger is a passenger who arrives and departs from a given airport by the 
same aircraft/flight. Usually, these passengers stay on board the aircraft during its turnaround 
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time, but only under circumstances when this is allowed due to the aircraft re-fuelling and/or 
for other security reasons. Otherwise, they have to leave the aircraft temporarily. Data on the 
volumes of these passengers is usually available at the annual basis from the airport’s publicly 
accessible statistics. 


4.3.2. The Non-Scheduled (Charter) Passenger Traffic 


The non-scheduled (charter) passengers are those who use flights scheduled for specific 
purposes. Usually, these flights are not listed in the public timetable(s) (EC, 2005). Tour 
operators and/or specialized airlines commonly provide the air transport services for the 
groups of passengers, mostly tourists, traveling on an all-in basis. These services are not 
programmed and are rarely additionally accessible to the individuals. In Europe, the 
traditional charter transport markets between the northern European countries and the 
Mediterranean basin including North Africa have sustained and even further expanded after 
deregulation of the EU air transport market. The average share of the volumes of non- 
scheduled passengers in the total volumes of passengers and the revenue passenger kilometers 
in Europe has reached about 17% and 36%, respectively (ITA, 2001). 

The volumes of non-scheduled passenger at airports have strong seasonal character. 
Nevertheless, in the cases when these volumes are perceived to be relatively stabile and 
certain, the tour operators and (their) airlines tend to increase regularity of services in terms of 
the departure times and the aircraft capacity while maintaining the certain flexibility in the 
flight frequencies. 


4.4. METHODS FOR ANALYZING AND FORECASTING THE AIRPORT 
PASSENGER DEMAND 


4.4.1. The Categories of Methods 


The airport authorities, aviation agencies, airlines, industry associations and academic- 
research community usually carry out analysis (and forecasting) of the airport passenger 
demand in order to alleviate, justify, and support the future planning and design programs. 
Very often, there is the natural inclination to the optimism in protecting and preserving the 
interests of the agencies producing these analyses and forecasts (BCG, 2004; HACAN 
ClearSkies, 2005). They use different methods such as the time trends, the econometric 
models, scenarios, ratios, the market surveys, and judgments (Figure 4.2) (Ghobrial, 1993; 
TRB, 2002). 

The time trend methods imply extrapolation of the past into the future under assumption 
that the future development (growth) will continue uninterrupted and similarly as in the recent 
past. The trend line is based on the historical data for some basic period of time and then 
extended to the period in the future. These methods are often used for the short-term 
forecasting (i.e. for 1 to 2 years) expecting the unlikelihood of changes of the basic 
conditions. The main disadvantage of the time trend methods is that they do not explicitly 
take into account the influence of the demand’s external and internal driving forces. 
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The econometric methods have been the most frequently used for analysis (and 
forecasting) of the airport passenger demand. They present the mathematical relationship 
between the overall and/or the segmented airport passenger demand and the main-demand 
driving forces. These are employment, income, the GDP (Gross Domestic Product), PCI (Per 
Capita Income) and population, the average fare level or yield (the airline revenue per 
passenger kilometer), some transport service-related variables such as the travel distance, 
time, and the capacity (flights, seats, etc). Based on the historical data for a given time period, 
the causal relationship between the airport passenger demand as the dependent and the 
demand-driving forces as the independent variables can be estimated using the least-square 
regression technique. The main disadvantage of these methods is an inherent assumption that 
the past relationships will very likely sustain in the future. 

The scenario method usually demonstrates the assumed variations of the future 
conditions influencing the aggregated or disaggregated-passenger demand. For example, 
particular variables in the econometric models can take a range of the future values based on 
the scenarios of developing the demand-driving forces rather than on their exact values. The 
disadvantage of this method is that the range between the high and the low values of 
particular variables can sometimes be so large they cause the forecast to lose its practical 
value. 

The ratio method usually implies the ratio between the passenger demand at a given 
airport and the total national air transport demand. The main disadvantage of this method 
relates to the conditions of its application, i.e. the lack of resources and expertise for using 
some other more sophisticated methods. 

The market surveys method implies collection of information about the passenger and 
freight behavioral pattern. This includes the origins and destinations, the airport’s choice in a 
given metropolitan area, a choice of the airport ground-access mode, the trip purpose, and the 
other factors useful for predicting the future behavior and consequently the volumes of 
passenger demand. The main disadvantage of this method is its complexity, time 
consumption, and the costs of collecting the relevant data. In addition, since the data is 
collected for a relatively short period of time, they may not be so reflective for the longer- 
term planning purposes. 

The judgment method is a component of almost all forecasting methods. In this method, 
the assumptions on the future development and the values of particular variables are simply 
the matter of the informal judgment. For example, the Delphi method is often used for 
attaining a consensus on the judgments from different experts about the values of particular 
variables relevant for the future airport demand forecasting. In addition, the judgment is also 
used for the selection of a method, the years to be used as a base, the analytical form of the 
model, and the sources of data (Jorge-Calderon, 1997; TRB, 2002). 

In general, the above-mentioned methods for analysis and forecasting of the airport 
passenger demand represent the attempts of diminishing complexity of the large real systems 
by simplified analytical equations describing the most relevant interactions. In such context, 
many factors are often dropped-off due to complexity of their analytical formalization, 
unnecessary increasing of the methods’ complexity, the lack of relevant data and the 
sufficient expertise on the potential influences. Since these methods assume that the future 
will very much look like as the past, their products and the analyses (and forecasts) of the 
airport passenger demand are highly influenced by the underlying assumptions about the 
current and the future development of the main external and internal demand-driving forces 
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(Strand, 1999; TRB, 2002). In the following text, the time-trend and the econometric methods 
are described in more detail. 


4.4.2. The Analytical Structure of Particular Methods 


Requirements and Recommendations 
Experience has shown that the methods for analysis and forecasting of airport demand 
should fulfill a range of the requirements and recommendations as follows: (TRB, 2002): 


e Analysis and forecasting should be updatable periodically with the available data; 

e Simplicity should always prevail against complexity; the more sophisticated and 
complex models do not necessarily translate into the more accurate results; 

e Analysis (and forecasting) are the processes implying always a crosscheck of the 
results using the different models and judgments; 

e Changing the market dynamics may cause the models working well to loose their 
relevance and predictive power; and 

e There should always be a common sense story motivating the analyst. 


In addition, the methods should be convenient for estimating the volumes of atm, 
passengers, and freight shipments either directly or indirectly, and simultaneously, as the 
derivatives of each other. 


The Time-Trend Methods 

In general, two categories of the time-trend methods are commonly used: i) the methods 
with a constant growth rate; and ii) the methods with the variable growth rate. Most 
frequently, the growth of an airport demand is considered as unconstrained in the medium- to 
the long-term future. However, over time, many airports have been faced with an increasing 
problem of generating the substantive externalities such as noise, local air pollution, and land 
use. Such growth of externalities has raised the question of the future growth of these airports, 
i.e. instigated the ideas of setting up the caps (quotas) on the particular externalities and 
consequently constraining the volumes of airport traffic. In such cases, the given caps would 
be set up for a target year. The analytical models handling development in both the 
constrained and the unconstrained case can be as follows: 


The Unconstrained Case, i.e. A Constant Growth Rate 
The basic analytical structure of the method with a constant growth rate can be 
summarized as follows: 


0, =Q 0+] [0-4 (4.1) 


where 
Q, is the volume of airport traffic in the sub-period (n) counted from the starting (base) 
sub-period (0) (atm; passengers; tons of freight shipments); 
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Qo is the volume of airport traffic in the base period (0) (atm; passengers; tons of freight 
shipments); 

i is the constant growth rate of the airport traffic in each sub-period of a given time 
horizon; 

i, is the constant rate of the k-th factor, which may affect growth of a given airport 
traffic; 
k is the number of factors that may affect the traffic at a given airport; and 
n isthe number of sub-periods of a given time horizon (years). 


According to expression (4.1), forecasting the volumes of the airport traffic for (n) years 
ahead requires the information about the volumes achieved in the base year (0) and the 
expected growth rate i, which can be taken from the past period and extrapolated ahead. In 
addition, the rate of affection of the airport traffic rą could be specified, if the influence of the 
particular relevant factors is predictable. For example, one such factor can be development of 
the other airports pretending to compete with a given airport. Otherwise, the eventual traffic 
affection can be handled by varying the airport traffic growth rate i. The method (4.1) could 
be approprietly modified in order to be able to handle these demand-affecting factors. 

In general, at least two scenarios, “realistic” and “pessimistic” are usually developed for 
estimating the future airport demand. The “realistic” scenario is based on extrapolation of the 
past trends implying that the main demand-driving forces in the future will act similarly as in 
the past (Barrett, 2000). The “pessimistic” scenario is based on prediction of the future 
demand by using its reduced annual growth rate(s). This may imply growth of the matured 
and persistently congested airport(s) and/or reflect stagnation of growth of the airport demand 
if being expected to be affected by different socio-economic and/or political crisis taking 
place outside the air transport industry.. 


The Constrained Case, i.e. The Variable Growth Rate 
The basic analytical structure of the method with the variable growth rate can be 
summarized as follows: 


C-Q 


Q, =iQ, x (4.2) 





where 


C is the absolute volume of air traffic expected to be handled at a given airport at the 
end of a given time horizon (atm; passengers; tons of air cargo); 


The other symbols are analogous to those in the expression (4.1). Expression (4.2) 
actually represents the logistic difference equation implying a rather slow growth at the 
beginning of the period, almost exponential growth in the middle, and slowing down of the 
airport traffic growth with approaches to the prescribed cap, i.e. saturation. In such case, the 
rate į takes the values that are greater than 1. Otherwise, if the rate 7 takes the value less than 
1, expression (4.2) will reflect the conditions of traffic decline at a given airport almost to 
Zero. 
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The Econometrics Methods 

The econometric models take into account explicitly the demand-driving forces while 
analyzing demand at a given airport. In such cases, after the causal relationship has been 
established and assessed satisfactorily, the independent variables representing these forces 
need to be forecasted in order to obtain the future prospective volumes of the airport demand. 
This is mainly carried out using the time-trend methods or some other econometric-type 
causal models. 

The analysis and forecasting of an airport demand are carried out in several steps: i) 
Selecting the relevant demand-driving (independent) variables; ii) Choosing the type of 
causal relationship; iii), Collecting the time-series data on both the independent and the 
dependent variables (the later is the corresponding volume of the airport traffic); iv) 
Estimation of the causal relationship and assessing its quality; v) If satisfactory, predicting the 
prospective values of the independent variables using the time-trend methods; and iv) 
Estimating the future volumes of the airport traffic for the specified sub-periods (years) using 
the forecasted values of particular independent variables.. The procedure can be carried out 
for the airport aggregate demand or for its particular segments as discussed above (Janic, 
2008). 


e The O-D (Origin-Destination) Passenger Demand 

Let h and j be two mutually connected airports (regions) (j = 1,2, 3,.., N). The given 
airport is A and the other airport is j. In some cases, the airport (region) j may refer to the 
larger geographical (metropolitan) area with a few “clustered” airports. The model of 
passenger demand between the airport h and the airport j based on the regression technique 
may have the following form: 


K 
On; = ao (GDP p * GDP j)” (Yp Ly)? Ty? Cig’ Pig’ +9 OD 
k=l (4.3.) 


where 

Qn; s the passenger demand between the airports A and j (the number of passengers in 
both directions during a given period of time); 

GDP»),is the Gross Domestic Product (GDP) of the regions A and j, respectively (usually 
in billions $US); 

Y; is the average yield between the airport h and the airport j (usually in US¢ per 
revenue passenger kilometer or mile); 

Ly; is the two-way shortest distance between the airports / and j (in kilometers or miles); 

T; is the total travel time between the airports A and j; 

C» is the factor of the supply of transport capacity between the airports h and j (the 
number of flights or seats in one or both directions during a given period of time, 1.e. day, 
week); 

Pyjis the competitive power of the airport h regarding the region-market j as compared 
to the competitive power of the other airports in the same and/or the nearby region(s) 
(proportion of the flight frequencies (seats) between the airport h and the region j in the total 
number of frequencies (seats) between all competing airports and the region /); 
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D, is a dummy variable taking the value “1” if a disruptive event of type k has 
considerably affected the overall passenger demand and the value “0”, otherwise (the 
disruptive event is considered to be a terrorism, the epidemic diseases, regional wars, etc.); 

ai by is the coefficient to be estimated by estimating the regression equation (i = 1-6; 


k=1-K). 


Expression (4.3) implies that the above-mentioned main forces drive the passenger 
demand at the airport h. On the short and medium-haul distances Ly; the variables Taj, Crj, 
and P; need to be modified in order to take into account the eventual competition from the 
surface transport modes, if they are available. 

The independent variables GDP, and GDP; relate to the annual GDP of the corresponding 
regions surrounding the airports h and j, respectively. Their product reduces the number of 
variables and characterizes the mutual “attractiveness” of the given regions. Under conditions 
of the economic progress, these variables increase over time and seemingly contribute 
positively to the growth of the passenger demand, and vice versa. This implies the positive 
elasticity, i.e. the coefficient, a7. Under some circumstances, these variables can be combined 
or replaced by their ‘derivatives’ such as the PCI (Per Capita Income), population, 
employment, and/or trade, investments, tourism, and exchange of the other services between 
the airport and the other regions. 

The variable Y, (yield) relates to the weighted average yield of all airlines operating 
between the airports A and j during a given period of time (usually, one year). Its product with 
the variable L},;, i.e. the two-way travel distance, gives the average return airfare AF. The 
variable Ly; represents the shortest (the great circle) distance between a given pair of airports. 
In general, when the airfare as a “travel’s resistance factor” increases, the number of 
passengers will generally decrease, and vice versa, which at least in theory reflects the 
negative elasticity, i.e. the negative coefficient, a2. 

The variable Tą; expresses the travel time between the airports h and j. It includes the 
non-stop flying time and eventually the schedule delay, i.e. the waiting time for the 
convenient departure at the airport A. Since being based on the shortest distance, which 
usually does not change over time, this variable can be influential only if the aircraft’s 
technology changes (for example, if the faster regional jets replace the slower turbo-props) 
and/or if the number of flights significantly changes (Janic, 2001). Otherwise, it is seemingly 
not particularly relevant. Anyway, the passenger demand tends to increase with decreasing of 
distance, i.e. the shorter travel time implies the negative elasticity, i.e. the coefficient, a3. 

The variable C»; reflects the supply of transport capacity, which is usually expressed by 
the tpta; number of seats or only by the flight frequency offered between the airports h and j 
by all airlines. Since the supply of capacity (at a reasonable price) intends not only to satisfy 
but also to stimulate demand, the latter is theoretically expected to rise by increasing this 
capacity, and vice versa. This generally implies the positive elasticity, i.e. the positive 
coefficient, ay. 

The variable P,,; represents the competitive position (i.e. the competitive “power”) of the 
airport h in comparison to the other relatively close competing airports in the same or 
neighboring regions. All considered airports are connected to the destination(s) j. For 
example, the mutual competition between the airports serving the same region could be 
theoretically considered in the case of four London’s, two Paris’, and/or three New York’s 
largest airports. Under such circumstances, this variable refers to the generalized access cost, 
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the airfare, and the departure frequency at the airport as compared to that at the other 
competing airports (Hess et al. 2005). In general, the higher competitive power enables 
attracting a higher passenger demand, thus reflecting the positive elasticity, as. 

A dummy variable D, (k = 1,2,3, . . ) reflects an impact of the various disruptive events 
on the airport demand. Generally, such events affect demand implying the negative elasticity, 
i.e. the negative coefficients, by. 

The proposed causal model suggests that, theoretically, the passenger demand at the 
given airport h will increase with increase in the exogenous demand-driving forces (regional 
socio-economic factors) and the supply of transport capacity, and decrease with increase in 
the factors of “travel resistance.” The latest factors are the generalized travel cost consisting 
of the ‘door-to-door’ out of pocket cost, in which the airfare dominates, and the cost of travel 
time. In addition, this demand will increase with the strengthening of the airport competitive 
position (power). The model can be estimated using the time-series data for particular O-D 
markets (hj) (j=1,.., N) for the period of at least 10 to 15 past years (TRB, 2002). 


e Transfer Passenger Demand 

The modified model (4.3) could be used for analysis and forecasting of the transfer 
passenger demand at the airport A. In such cases, the dependent variable Q}; converts into the 
variable Q,,, which represents the (two-way) passenger flow between the regions i and j, 
making a transfer at the airport h. The variable GDP, converts into the variable GDP;. 

The variable ‘yield’ Y,; converts into the variable Y;,=Yj,+Y;j;. The variable distance Lj; 
converts into the variable Lyj=Lint+Ly;. 

The variable ‘travel time’, Ty; = max [tan SDr] + Lpj/Vaj(Lyj) in the model (4.2) (Tan is the 
average access time of the airport h from its catchment area; SD), is the schedule delay while 
waiting for the convenient flight (SD); = 1/2T/f,;, where T is the period of time; fy; is the flight 
frequency), and v,;(L;;) is the block speed in the market (hj)), converts into the variable T; 
(Tin = max [tains SDijn] + Tin + MCTiym + Trj, where tann is the airport access time in the 
region i, the schedule delay SDjj,= 1/2T/[min(fin; fn], where fi, and faj are the flight 
frequencies on the route (ih) and (hj), respectively, Tin = Lin/Vin(Li) and Ty = Lr nEn) 
where the symbols are analogous to those in T; and MCT; is the minimum connection time 
at the airport A for the transfer passengers (ij)). The frequencies fj, and fy; mainly correspond 
to the number of “waves” scheduled at the airport h by the main airline and its alliance 
partners during a given period of time T (one day) (Dennis, 1994: Janic, 2008). 

The variables Yijn, Lij» Tin, fin, fn; are usually considered for both directions (ihj) and 
(hi). The variable Cy; converts into the variable Cim, which again implies the number of seats 
offered to the transfer passengers in the market (ihj), i.e. between the airports i and j via the 
airport h. Theoretically, this is assumed to be the lower among the two values in the markets 


(ih) and (hj) approximated as: C;,,,, = (min fy: fa, N, -Åy sI) Ay , where fin, 
Jn; are the frequencies (i.e. the number of “waves” of flights) enabling the passenger transfer 
between the flights incoming from the region i and the flights outgoing to the region j, and 
vice versa, during a reasonable (connection) time (Table 4.2) (Dennis, 1998); Nn is the 
average number of the outgoing flights from the airport-region A to the airport-region j; apj is 


the average factor of the “peak traffic” during a given transfer occasion (ihj); Anj, A and Sj 


is the average perceived load factor for the O-D and the transfer passengers, and the aircraft 
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seat capacity, respectively, of an outgoing flight connecting the airports-regions A and j, and 
vice versa. The load factor ,; is assumed to be from the O-D passengers thus implying a kind 
of their prioritization over the transfer passengers while using the offered seats. 

The variable P}; converts into the variable P; expressing the competitive power of the 
airport h in comparison to the other airports offering the connections between the same 
regions i and j. For example, in Europe, there has been the long-lasting competition between 
four large airports and the dominant airline alliances: London Heathrow (Oneworld Alliance- 
British Airways), Charles de Gaulle (Sky Team Alliance-Air France), Frankfurt Main (Star 
Alliance-Lufthansa) and Amsterdam Schiphol (Wigs Alliance - KLM/Northwest Airline, and 
recently after the Air France-KLM merger, the Sky Team Alliance-Air France) (Veldhuis, 
1997). In general, the number of destinations reflecting the diversity of choice of destinations, 
the departure flight frequency reflecting a convenience of the airline schedule, and the 
number of routes operated by the competing airlines reflecting the opportunity for a choice 
across the particular markets could be used as measurements for such competitive power. The 
Amsterdam Schiphol airport has developed one such index called the Marketing Mainport 
Index’ based on i) ‘the number of directly served destinations’, ii) the ‘flight frequency on 
each of the routes connecting these destinations’, and iii) ‘the number of competing airlines 
serving these destinations’ (Schiphol Airport, 2005). Except for the global comparison with 
the other airports (London Heathrow, Paris Charles de Gaulle, Frankfurt Main, and Madrid 
Barajas), this index is of the little value because it relates to the supply characteristics 
provided to the O-D passengers. The ultimate target for these passengers is the region and not 
the airport itself, i.e. they use the airport because of the region, and not because of the airport 
itself. 

Theoretically, the transfer passenger demand is expected to have the positive elasticity 
with respect to the GDP of the passenger origin and destination regions and the airport 
competitive power, and the negative elasticity with respect to the airfares. It might have the 
positive or the negative elasticity with respect to the supply of transport capacity. In the 
former case, it reflects the stimulation of demand and eventually the capacity supply 
competition by increasing of the number of seats for the transfer passengers. In the latter case, 
it reflects the intention of airline(s) to increasing the load factor similarly as in the case of the 
O-D passenger demand. The appropriately modified model (4.3) in line with the above- 
mentioned discussion can be applied similarly as the O-D model using the relevant data. 


e The Non-Scheduled (Charter) Passenger Demand 

The specifically modified model (4.3) can be applied to analysis (and forecasting) of the 
non-scheduled (charter) passenger demand. In such cases, the dependent variable Q; 
represents the passenger demand between the airports-regions A and j where the latter region 
is considered to be an attractive tourist (leisure) destination. The independent variable GDP, 
reflects the leisure trip driving force, which this time can be the PCI (Per Capita Income) 
expressing the purchasing power of the individuals from the region A. The variable GDP; can 
be dropped-off as being not relevant. The variable YL, will reflect the average airfare 
although it is often hidden inside a leisure package. However, it can also be transparent if the 
specialized (charter) airlines sell the individual seats. The variable T}; also appears to be not 
relevant similar to the variable P,;. The leisure travelers are less sensitive to the travel time. 
They mainly originate from and sink into the airport catchment area. Finally, the variable Cy; 
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has the same meaning as in the model (4.3), i.e. the number of seats offered by all (charter) 
airlines flying between the airport / and the tourist region j during a given period of time. The 
direction of influence of particular variables on the passenger demand volume is similar as in 
the case of the O-D and the transfer/transit passengers. Such a modified model can be applied 
similarly to its original (4.3) using the data on the particular non-scheduled markets (hj) 
(G=1,..,N). 


e The Low-Cost Passenger Demand 

The causal model (4.3) can be used for analysis (and forecasting) of the low-cost 
passenger demand after a substantive modification. This implies keeping only the variables, 
i.e. the main demand-driving forces, similarly as in the case of the non-scheduled (charter) 
demand such as the PCI and the seating capacity fm. The airfares are always assumed 
acceptable for the attracted segment of demand and therefore seemingly not relevant for this 
model. 


4.5. AN APPLICATION OF THE ECONOMETRIC METHODS 
4.5.1. The Case 


The above-mentioned econometrics model for analysis and forecasting of the passenger 
demand is applied to Amsterdam Schiphol airport. This is the biggest among seven civil 
airports in the Netherlands. This well-developed and matured airport occupies the area of land 
of about 2800ha where six runways with the annual capacity of 460 thousands and the hourly 
capacity of 106 operations per hour, 180 apron aircraft parking gates/stands and the passenger 
terminal building of the pier finger type with the capacity of 45 million passengers per annum 
are installed (Figure 3.10; Figure 3.14). 
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Figure 4.6. Development of passenger demand in particular markets of Amsterdam Schiphol airport 
(Compiled from: Schiphol Airport, 2005). 
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The time series data on the passenger demand available for the period 1992-2004 has 
been used for the model’s estimation. According to this data, the total number of passengers 
has increased from 19 to about 42 million during the observed period. Figure 4.6 illustrates 
the past developments in the particular markets. 

During the same period, the proportion of the transfer passengers in the total number of 
scheduled passengers has increased from about 26% in the year 1992 to about 42% in the year 
2004 mainly thanks to developing the hub-and-spoke network at the airport by dominant 
airline(s). At the same time, the proportion of transit passengers have always been symbolic 
and even decreasing, from about 2.3% in the year 1992 to nearly 0.5% in the year 2004 
(Schiphol Airport, 2004). 

Currently, over a hundred airlines connect the airport to about 200 destinations in 90 
countries around the world. For a long time, the dominant airline has been KLM, its 
subsidiaries and partners in the Wings Alliance (including Northwest, MAS, and China 
Southern airlines). In 2004, the airline and most of its subsidiaries and partners were 
incorporated into the Sky Team alliance led by Air France, after the merging of Air France 
and KLM. In addition, during the period, the host airline KLM and its alliance partners have 
developed the hub-and-spoke network, which has increased proportion of transfer passengers. 
During the period 1992-1998, three (large) waves of the incoming and the outgoing flights 
were operated at the airport during the day. Later on, the fourth wave was introduced. The 
number of waves determined the daily frequency of the inter-connecting, particular 
(European) destinations. Currently, in terms of time, the waves are scheduled within the 
three-hour time windows as follows: i) 8-11h; ii) 12-15h; iii) 14-17h; and iv) 17-20h. The 
factor of “peak traffic” as the ratio between the volumes of traffic during the peak and the 
non-peak periods has generally varied with some characteristic values, 1.69 in the year 1992, 
1.42 in the year 2001 and 1.65 in the year 2004 (Burghouwt and de Witt, 2003; Schiphol 
Airport, 2005). Two other airlines, - Martinair and Transavia, have also operated on behalf of 
KLM for a long time, mainly serving the Dutch non-scheduled (charter) markets. Together 
with the KLM’s low-cost subsidy Basiqair or Transavia.com, they have competed with the 
other low cost carriers such as EasyJet (which started operations at the airport in 1997), 
bmibaby, Virgin Express, Wizz and BudgetAir. Consequently, KLM (and partners) has 
served about 70% of the passenger demand while other 29 AEA (Association of European 
Airlines) airlines, the airlines from the other continents, and the LCCs have served the rest. 
The LCCs have gained the market share relatively quickly and aggressively as shown in 
Table 4.2. The structure of the aircraft fleet used for the scheduled services has been mainly 
conditioned by the fleet of dominant alliance (Wings and later on Sky Team), which consisted 
of about 50% of B737/A320, 30% of Fokker 50-100/ATR 42/72, 10% of B757/767/MD11, 
and 10% of B747 aircraft types. Thanks to this and the contribution of the fleets of the other 
airlines, the average aircraft size increased from about 132 seats in the year 1992 to about 147 
seats in the year 2004. The average load factor also increased during the same period from 
about 61% to 76%, respectively (Schiphol Airport, 2005). The LCCs operated the uniform 
fleets consisted of B737/A320 aircaft type of the average size of 140 seats. Predominantly, 
the aircraft types B737 (Transavia) and A320, MD11, B767, and B747 (Martinair) have 
served the majority of the non-scheduled (charter) passenger demand together with about 40 
other (charter) airlines. 

The proportion of passenger demand and the number of destinations served from the 
given airport in the corresponding totals including all four competing airports (the other three 
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are the London Heathrow, Frankfurt Main, and Paris Charles de Gaulle) has increased from 
about 16% to 20% and decreased from about 24% to 23%, respectively, during the period 
1992-2004 (Schiphol Airport, 2005). 


4.5.2. The Input Data 


Clustering the Airport’s Market(S) 

For an application of the model, the aggregation, i.e. clustering of the airport market(s) 
(i.e. the incoming and the outgoing routes) has been carried out regarding the geographical 
regions and the availability of data. Consequently, for the O-D passenger demand, the airport 
markets are clustered into seven clusters as follows (Janic, 2008): 





The Netherlands e EU (15 until 2004 and 25 Member States after) 

e Rest of Europe (22 until 2004 and 12 Central and Eastern 
European and Mediterranean countries after) 

e North America (U.S. East Coast and Central) 

e Latin America (Brazil) 

e Africa (Kenya, South Africa) 

e Middle East (United Arab Emirates, Israel) 

e Asia (China, Japan, Korea, Malaysia, Singapore) 





It should be mentioned that the airport does not have significant domestic (national) 
market in terms of the number of destinations such is, for example, the case of the other 
above-mentioned three (competing) airports (Schiphol Airport, 2004). Specifically, for the 
LCCs’ O-D passenger demand, the markets are clustered into a single cluster: the Netherlands 
— the rest of the EU. 

For the transfer/transit passenger demand, the markets are clustered similarly as in the 
case of the O-D passenger demand as follows (Janic, 2008): 





e EU/EU 

e EU/Rest of Europe 

e EU + Rest of Europe - North America 

e EU + Rest of Europe - Latin America 

e EU + Rest of Europe - Africa 

e EU + Rest of Europe - Middle East EU + Rest of Europe - Asia 











Clustering of the charter passenger markets is carried out regarding the long standing 
tradition of the Dutch leisure travelers as follows: i) The Netherlands - Mediterranean basin 
(the South of Europe, the North Africa, the Middle East), and ii) The Netherlands — the other 
continents. 


The Data on the Dependent and Independent Variables 
The time series data on the annual number of passengers at the Amsterdam Schiphol 
airport including the information on the independent variables, i.e the demand-driving forces, 
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for the period 1992-2004 are used. The dependent variable(s), the annual number of the O-D 
and transit/transfer passengers, is estimated as follows: The available data on the total number 
of scheduled passengers (without those carried by the LCCs) in each geographical market is 
multiplied by the annual proportion of the transfer/transit passengers. Consequently, for each 
market, the annual number of the O-D and the transfer/transit/passengers is obtained. The 
annual number of charter and the LCCs passengers are obtained directly from the available 
data (Airport Schiphol, 2005) (all in thousands of passengers per year). 

The information on the GDP of particular regions and the particular countries are 
obtained from the United Nations (UN) statistical databases (UN, 2005) (in billion $US, 
current prices). Where it is deemed reasonable, the PCI (Per Capita Income) instead of the 
GDP variable is used (in thousands $US per head). In addition, the data on the annual 
international trade, investments and services are used where appropriate (in billion $US). 

The average airfares in the particular airport markets are estimated as the product of the 
weighted average yield of the incumbent airline KLM, its Wing alliance partners, and the 
other AEA airlines operated at the airport, and the two-way shortest distance between the 
airport and the main airport (city) of a given region (market) (in $US per passenger) (AEA, 
2004; http://www.airdistances.com; KLM, 2004). For the O-D passenger demand, the average 
one way distances are 650 km in the EU, 1560 km in the rest of European, 6700 km in the 
North American, 9200 km in the Latin American, 6700 in the African, 3300 km in the Middle 
East, and 8550 in the Asian market(s). 

The airfare for the transfer passengers is assumed the same as the airfare for the O-D 
passengers. This is a reasonable assumption since many airlines offer the same (or even 
lower) fares in order to compensate the inconvenience of changing the plane at the hub 
airport. The average airfares in the charter markets are estimated similarly, this time by using 
the average yield of the charter operations of the AEA airlines on the distances of about 1700 
km in the Mediterranean markets and 7700 km in the other intercontinental charter markets 
($US/passenger) (AEA, 2004). The airfares for the LCCs are assumed to be approximately 
$US70 per passenger over the period 1997-2005. 

Since there have not been the significant changes (and consequently the influence on the 
passenger demand) of the travel time in particular markets, this variable is also considered 
constant during the observed period. 

The number of seats offered to the scheduled and non-scheduled O-D passengers in the 
given markets in both directions is calculated as the product of the average number of weekly 
flights and the average aircraft seating capacity. The latter is obtained by dividing the number 
of passengers by the corresponding load factor (Airport Schiphol, 2004). For the scheduled 
O-D and transfer/transit passenger demand, this amounts to 116 in the EU and the rest of 
European, 169 in the Middle East, 264 in the North American, and 324 seats per aircraft in 
the Latin American, African, and Asian market. The capacity of an aircraft operated by the 
LCCs during the given period of time (1997-2005) is estimated to be 140 seats. For the non- 
scheduled (charter) demand, the average number of seats per aircraft is estimated to be 190 in 
the Mediterranean and 330 in the other intercontinental markets. The number of seats offered 
to the transfer passengers is adopted using the above-mentioned methodology (thousands of 
seats per week). 

The index of competitive power is calculated as the proportion of the number of 
destinations and the number of flights at the given airport in the corresponding totals offered 
at all four above-mentioned mutually competing airports (Airport Schiphol, 2004). 
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4.5.3. Analysis of the Results 


The results from the model’s estimation obtained by estimating the model (4.3) are given 
in Tables 4.4-4.7 (Janic, 2008). In the specific cases, the presumably relevant independent 
variables are used. 

Table 4.4 provides the relationships for the particular O-D passenger markets served by 
the full cost (network) airlines. The distinction is made from the LCCs passenger traffic since 
the year 1997. As expected, the O-D passenger traffic at the airport has been driven by 
increasing of the GDP at both sides of each market as well as by generally decreasing 
airfares. In case of the African markets, the main external demand-driving force has been the 
foreign direct investments, trade, and services of the airport host country, i.e. the Netherlands. 
In almost all cases, the demand has increased with the changing of these two driving forces, 
respectively, at a decreasing rate. This implies that demand has been inelastic with an 
exception of the airfares in the Asian markets. In addition, in each market, the regression 
equation has been significant (F-statistics) with the relatively high explanatory power of the 
independent variables (R? statistics). As well, the particular independent variables have been 
statistically significant at 5% level in the majority of cases (t-statistics given in the parenthesis 
below the corresponding variables). Specifically, in the EU markets, development of the 
LCCs has affected the O-D passenger demand carried out by the full cost (legacy) airlines. 

In the North American markets, the airfares have appeared to be statistically insignificant 
including a dummy variable explaining the impacts of disruptive events on the airport 
demand. In the former case, the airfares of KLM/Northwest alliance have dominated in the 
market. In the latter case, it seems the dummy variable could not catch up to the impact of 
some disruptive events (for example, the September 11", 2001 terrorist attack on the US). In 
the Middle East markets, the airfare has also shown not to be the main demand-driving force, 
such as the GDP on both sides. 

Table 4.5 gives the relationships between the passenger demand carried by the LCCs and 
the main driving forces, the PCI of the airport host country (the Netherlands) and the offered 
capacity (seats). The equation is significant (F-statistics) and the selected independent 
variables have the very high explanatory poser (R? statistics). In addition, each particular 
independent variable is also statistically significant at 5 % level (t-statistics given in 
parenthesis below the corresponding variables). Specifically, this demand has been 
particularly elastic with respect to changes (increase) in the local-airport PCI as an indicator 
of the available budget for traveling. The low airfares have been always acceptable, and 
consequently are not relevant. 

Table 4.6 provides the relationships for the airport transfer/transit passenger demand. 

As can be seen, in all cases the relationship has been overall significant (F-statistics) with 
the high explanatory power of the selected independent variables (R statistics). The 
coefficients of particular independent variables have possessed the expected sign, but 
according to the values of some of them, the statistical significance of particular explanatory 
variables has generally varied with respect to 5% confidence level (t-statistics in parenthesis 
below particular coefficients). The variable ‘seating capacity’ has been significant in all 
markets implying the planned changing of flights and consequent growth of the volumes of 
transfer/transfer traffic. As well, in the Middle East and Asian markets, the demand has been 
elastic with respect to the seating capacity. The demand has been inelastic in all markets with 
respect to changes in the remaining explanatory variables. 


The Airport Demand 


87 





Table 4.4. The model estimation in a given example: the O-D passenger demand 





The O-D market 
cluster 


Causal relationship 





The Netherlands - EU 
(15 until 2004; 25 
Member States after) 


Qhy = 4613.18 (GDP, GDP, V AFy 7 889 g0,770 5° 2.370 
(2.990) (3.851) (-2.961) (3.772) (-2.970) 
R* = 0.893: F = 16.749;DW =1.448;N = 13 





The Netherlands - Rest 
of Europe (22 until 


0.356 47 —0.880 
Qyo = 4841 .82 (GDP , * GDP 5) AF h2 





2004 and 12 Central (2.618) (2.998) (-2.875) 
and Eastern European; 2 , ; ; 
Mediteranean R“ = 0.569 ; F = 8.905 ;DW = 0.695;N = 13 
countries after) 

The Netherlands — = * 0.483 4 7—0.831 _ 

North America (U.S. Qp3 = 1640.59(GD Ph GDP, ) AF 3 0.059D1 


East Coast and Central 
Area) 


(1.501) (3.316) (-1.292) (-1.336) 
R2 = 0.481; F = 4.712;DW = 0448;N = 13 





The Netherlands — 
Latin America (Brazil) 


Qp = 592.93 (GDP , * GDP ,)9404 ar m0651 
(6.405) (7.010) (-7.164) 
R? = 0.899; F =54.405;DW = 2.315;N = 13 





The Netherlands - 
Africa (Kenya, South 


_ 0.597 —0.329 
Q p5 = 693.426 FDI hs AF 5 





Africa) (8.474) (15.416) (-3.330) 

R2 = 0.981; F = 319.258; DW =1.629;N =13 
The Netherlands - 0.695 —0.105 
Middle East (United Q h6 ~ 0.561 (GDP h * GDP 6 ) AF hy 
Arab Emirates, Israel) (0.175) (3.439) (-0.221) 


Re = 0.729; F = 17.120; DW = 0.672;N = 13 








The Netherlands - Asia 
(China, Japan, Korea, 
Malaysia, Singapore) 





Qy7 = 173 .38(GDP ,, *GDP ,)°784 apy t.28! 
(1.841) (3.993) (5.898) 
R? = 0.761; F = 20.098;DW =1.704;N = 13 








Source: Janic, 2008. Sj,;;,— the seats offered by LCCs (seats/week). 


Table 4.5. The model estimation in a given example: the LCCs’ passenger demand 





The O-D market cluster 


Causal relationship(s) 








The Netherlands - EU (15 until 
2004 and 25 Member States after) 


3 2.664 60.785 
Q h1 yje = 0-01466 PCI S 


(-2.161) (4.021) (13.943) 
2 


R^ = 0.999; F = 4044 .791;DW = 2.228 :N =9 











Source: Janic, 2008. PCI — Per Capita Income (the Netherlands) (in thousands $US). 


88 Milan Janić 





Table 4.6. The model estimation in a given example: the transfer/transit passenger 


























demand 
The O-D Causal relationship(s) 
market 
cluster 
EU/EU one -= 2541 (GDP, GDP S AFS i Poe 
(0.484) (4.680)  (-5.094) (5.838) (1.087) 
R2 = 0.998; F = 1259.806; DW = 2.460; N = 13 
EU/Rest of + 0.719 —0.366 «0.708 ,0.986 
Bargne Qin = 0.0002(GDP 1 * GDP 2) AFi? Sp? Pid 
(-3.143) (6.863) (-1.574) (6.336) (2.771) 
R2 = 0.988; F = 143.058; DW =1.833; N = 13 
Europe: - 0.245 0.460 .0.731,,2.312 
= * . è * S _ 
North Qin3 0.00435(GDP, GDP, ) AF3 S33 P 3 0.065D1 
America 
(-1.144) (1.434) (-1.682) (3.766) (3.567) (-2.722) 
R? = 0.997; F = 360.324; DW = 2.226; N = 13 
Europe’ - 0.211 —0.357 «0.722 „0.577 
Latin Qih4 = 3.801 (GDP 1 + GDP) AFi4 S4 Pid 
America 
(1.062) (2.705) (-4.619) (6.482) (2.864) 
R? = 0.995; F = 575.541; DW = 2.178; N = 13 
Europe” - 1.196 —-1.194 0.584 „0.479 
Africa Qins = 2.218 GDP | AF is S is Ps 
(0.200) (3.573) (-3.489) (4.142) (0.855) 
R? = 989; F = 265.301; DW = 2.053;N = 13 
Europe’ - 0.201 —0.229 „1.070 „2.026. 
Middle East Qin6 = 1.644 (GDP | * GDP _ ) AF 16 S P 
6 h6 h6 
(-0.210) (0.588)  (-0.7302)( 2.476) (2.026) 
RŽ = 0.963; F =1104.128; DW =1.742;N = 13 
Europe’ - 0.13 , ~-0.525 «1.150 „1.1527. 
Asia Qin7 = 6426.3(GDP, * GDP, ) AF7 Sip Puy = 0.105D1 
(2.8286) (0.825) (-2.983)(17.535)(2.2 03) (-3.826) 
RŽ = 0.998; F = 337.52;DW = 2.224;N = 13 














Source: Janic, 2008. 
*) The geographical area consists of the EU member and other European states. 


The Airport Demand 89 





Table 4.7 provides the relationships for the charter traffic. As can be seen, the main 
driving forces have been the PCI and the airfares. 


Table 4.7. Results of the model estimation in given example: the charter passenger 











demand 

The O-D geographical Causal relationship(s) 
cluster 

1.018 —0.367 
The Netherlands - Q he 7 625.173(PC I) AFH] 
Mediterranean basin 
(South of Europe, North (5.131) (8.343) (-1.642) 
Africi Middle East) RŽ = 0.910; F= 51.517; DW = 2.26; N = 11 
The Netherlands - other 0.621 . 0.686 
continents Orie = 12.795(PCI) AF 1 — 0.075D1 


(4.391) (8.054) (-2.271) (-2.879) 


R? = 0.645; F = 7.058; DW = 1.703; N =11 














Source: Janic, 2008. 


For both market clusters, the causal relationships have been significant (F-statistics) and 
the selected independent variables have possessed the relatively high explanatory power (R°- 
statistics). In the Mediterranean markets, the demand has been elastic with respect to the PCI 
and inelastic with respect to the airfares also appeared as the statistically insignificant (¢- 
statistics in parenthesis below the corresponding variables). 

One explanation can be that increase in the PCI has provided a higher disposable budget 
for the holidaying overseas. The airfares hidden within the holiday packages have not played 
a particular role in purchasing these packages simply due to the non-transparency. 

The intercontinental charter passenger demand has been inelastic with respect to the the 
PCI and the airfares again been statistically insignificant. However, the dummy variable 
representing the disruptive events overseas has shown to be statistically significant acting as 
the demand deterring force. 


4.6. THE ANNUAL VOLUME OF TRAFFIC AS THE PLANNING AND 
DESIGN PARAMETER 


4.6.1. The PH (Peak-Hour) Activities 


The analyzed and forecasted annual volumes of atm, passengers, and freight shipments 
can be used for planning and design of the airport airside and landside area infrastructure, 
facilities, and equipment. For such a purpose, they should be converted into the appropriate 
planning and design parameters. In general, different methodologies for such a conversion 
can be used. Each methodology should translate the annual volumes of the airport traffic 
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demand into the hourly volumes of the peak demand. The two methodologies are considered 
most frequently: the Peak-Hour (PH) traffic activity and the Scenario Approach (SA) (FAA, 
1988; Horonjeff and McKelvey, 1994). 

The Peak-Hour (PH) activity relates to the corresponding volumes of atm, passengers, 
and freight shipments used for planning and design of components of the airport airside and 
landside area. In all these cases, the distinction between the particular segments of traffic and 
particularly between the incoming, the outgoing, and the transfer traffic volumes should be 
considered. Estimation of the PH activity is carried out for the selected design year ahead, 
which can be 5th, 10th, or in the case of airport master planning, 20th year (FAA, 2004). 
Once the design year is selected with the corresponding forecasted volumes of traffic, the PH 
activity can be estimated by estimating the peak month (PM), the average day of the peak 
month (ADPM), and finally the peak hour (PH) or the average day of the peak month (PH) 
(FAA, 1988; Horonjeff and McKelvey, 1994). The peak month (PM) can be estimated as 
follows: 


PM = fV (4.4) 


where 
PM is the traffic volume during a Peak Month (PM); 
Jı is the percent of the annual volumes of the airport traffic concentrated in the peak- 
month; 
V isthe annual volume of the airport traffic in the design year. 


In expression (4.4), the factor f; is determined using the historical data while respecting 
the current and the prospective local influences and variations. Based on expression (4.4), the 
average day of the peak month can be determined as follows: 


ADPM = PM /n=(fV)/n (4.5) 


where 
n isthe number of days per month. 


From expression (4.5), the volume of demand during a peak-hour (PH) can be determined 
as follows: 


PH = f,ADPM = f,PM/n= f,(fV)/n (4.6) 


f2 isthe factor of a peak-hour 


The factor f? in expression (4.6) can be estimated by different methods. Some past 
estimates indicate that it amounts 12-20% of the ADPM volume(s) (FAA, 1988). 

The other qualitative approach is to obtain the airlines’ information about their schedules 
over the past few months and the plans in the future. Figure 4.7 shows dependence on the 
peak-hour percentages on the total annual volumes of the airport traffic (FAA, 1988). 
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As can be seen, the factor fọ decreases with increasing of the volumes of airport traffic 
more than proportionally. This fact has also been confirmed empirically. This is mainly 
because of a tendency of the larger traffic volumes to spread out over the longer periods 
during the day. In addition, the number of peaks during the day can be different. At the small. 


Peak-Hour (PH) (% of V) 





0 5 10 15 20 25 30 35 
V - Total annual volume of passngers-million 


Figure 4.7. Share of Peak-Hour (PH) in the total annual volumes of passengers at a given airport 
(Compiled from: FAA, 1988). 


airports, these are usually the morning and the afternoon-evening peaks. At the larger hub 
airports, there can be several peaks during the day/ 


4.6.2. The Scenario Approach 


The Scenario Approach (SA) implies designing the hypothetical PH activity based on the 
set of inputs mainly including the current and the prospective airlines’ schedule, the aircraft 
types used during the peak(s), and the related flights’ load factors. The traffic segmentation in 
terms of the incoming, outgoing, and the transfer traffic also appears relevant. The main 
disadvantage of this methodology is that it is quite complex to specify the PH scenarios for 5, 
10, and even 20 years in advance. The main advantage is that this methodology seems to be 
particularly convenient for forecasting the PH at the large hub airports, where the peaks 
coincide with the “waves” of incoming and outgoing flights. There may be several such 
“waves” during the day. At the main European hubs, the dominant airline and its alliance’s 
partners schedule these “waves.” At the US hub airports, one or few competing airlines 
schedule the “waves” of flights independently, which implies that they may overlap with each 
other. Under such circumstances, the PH traffic volumes can be obtained as the product 
between the hypothetical (design) number of flights in the average “wave”, the aircraft 
seating capacity, and the load factor. In this case, the distinction between the aircraft size and 
the load factor as well as between the incoming and the outgoing components of the 
designing “wave” should be considered. For example, Lufthansa Airlines as the leader of Star 
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Alliance operates four such “waves” during the day at its hub, the Frankfurt Main airport 
(Germany): at 07.00 a.m. (the first), 11.30 a.m., (the second), 3.30 p.m. (the third) and at 7.30 
p.m. (the last). Each “wave” lasts for about three hours. This is the period during which about 
80 arriving and 80 departing flights clustered in the three broad categories, the short-haul, the 
medium-haul, and the long-haul, are handled. In a given arriving “wave”, the arriving long- 
haul flights are handled firstly, and the short-haul flights lastly. In the departing “wave”, the 
departing long-haul flights are handled after the short-haul, and the medium-haul flights. In 
addition to being clustered according to the time of arrival/departure, the particular “waves” 
are characterized by the number of flights serving particular markets, the route length, the 
aircraft seating capacity, and the load factor, as shown in Table 4.8 (Lufthansa 2003, OAG, 
2002). 


Table 4.8. Characteristics of the complexes of flights at the Frankfurt Main airport 





























(Germany) 
Flight Fights per | Market(s) Aircraft type Average Average 
category | category capacity load factor 
(seats) N (%) A 
1 16 Germany, The closest EU’ CRJs 100/200/700, |77 61.0 
Avro Rj85 
2 12 Central EU, central Europe | B737, A319/320/321 | 135 61.0 
3 12 Scandinavia B737, A320/321 135 61.0 
12 Mediterranean and Eastern | A319/320/321 154 61.0 

Europe 

5 8 Middle Fast and Russia A300/A310, B757 246 71.3 

6 8 North America-East Coast, | A310/340 246 80.1 
India 

7 3 North America- Central, B747, A340 318 76.0 
Africa 

8 8 South America, North B747, A340 318 79.2 
America-West Coast, Japan, 
South-East Asia 


























Compiled from: Lufthansa, 2003. 


The information in Table 4.8 in combination with the flight time pattern (i.e. the arrival 
and departure times) enables synthesis of the PH in terms of both the volumes of passengers 
requesting a service in the passenger terminal building and the number and type of aircraft 
requesting a service at the apron/gate complex. The “hidden” information remains the 
volumes of transfer/transit passengers, which is usually estimated empirically, from time-to 
time, and appropriately updated. In addition, these above-mentioned characteristics of 
particular “waves” can be varied according to the different scenarios in order to handle the 
future developments but always in cooperation with the host airline(s) as discussed in Chapter 
8. 
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Chapter 5 


AIRPORT CAPACITY 


5.1. INTRODUCTION 


The term “capacity” implies a throughput of a given facility. In such a context, the 
capacity of an airport can be expressed by the maximum number of entities that can be 
accommodated during a given period of time under given conditions. The entities include the 
aircraft operations or atm (air transport movements), i.e. landings and take-offs, the arriving, 
departing, and transfer/transit passengers and their baggage, and the airfreight shipments 
(Janic, 2001). In general, two concepts for the airport capacity are developed: the concept of 
the “ultimate” capacity and the concept of the “practical” capacity. The "ultimate" capacity 
can be expressed by the maximum number of entities (atm, passengers and baggage, freight 
shipments), which can be served in a given period of time under conditions of constant 
demand for service. The “practical” capacity is defined as the maximum number of entities 
that can be served in a given period of time under the conditions when the average delay 
imposed on each entity does not exceed the specified level (Abdelouahab and Ashford, 1991; 
Horonjeff and McKelvey, 1994; Janic, 2001; Tosic and Horonjeff, 1976; Thompson, 1999; 
TRB, 1990). The airport capacity is usually estimated separately for the airside and for the 
landside area both as the planning and operational parameter for the period of time such as a 
year, day, or an hour. The former two are usually considered as the planning parameters. The 
latter is considered the operational parameter. 

Since the particular service components in both the airside and in the landside area are 
located in a serial order and thus become mutually dependent, the airport capacity is 
determined by the capacity of the “bottleneck’s” element. As well, any temporary or 
permanent "bottleneck" causes imbalance between the demand and its service rate, i.e. the 
capacity, and thus causes congestion and delays of users, i.e., aircraft, passengers, and freight 
shipments (see Chapter 6). 


5.2. The Airport Airside Capacity 


5.2.1. The Scope and Content 


The capacity of an airport airside area consists of the capacity of its main components. 
These are as follows: 1) the terminal airspace and the airport zone, which enable the incoming 
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aircraft to approach before landing to and the outgoing aircraft to climb after take-off from a 
given runway system; the aircraft spend a period time there just before landing and after take- 
off; both the runway system and the associated airspace are usually considered as a common 
component of the airport airside area; ii) the taxiway system, which provides the aircraft 
taxiing room between the runway system and the apron/gate complex, just after landing and 
before take-off, and iii) the taxi-lines within the apron/gate complex, which enable the aircraft 
entering, leaving, and/or parking on the particular parking apron/gate stands, respectively. 

Each of the above-mentioned components are characterized by their “ultimate” capacity. 
Since these are positioned and followed by both the incoming and the outgoing aircraft in a 
serial order, the runway system with the adjacent airspace plays the role of an entrance/exit 
gate whose “ultimate” capacity appears to be critical for the capacity of the entire airside area 
and a given airport. In addition, the serial order of particular components requires balancing 
of their “ultimate” capacities in order to prevent or to alleviate occurrences of the periodical 
and/or permanent “bottlenecks,” which may cause congestion and the aircraft delays. 

As mentioned above, the “ultimate” capacity of a given airside component can be 
expressed by the maximum number of atm (air transport movements), which can be 
accommodated safely during a given period of time (one hour) under constant demand for 
service (Horonjeff and McKelvey, 1994). 

Research and practice have indicated that the “ultimate” airport airside capacity depends 
on many factors, which may be constant and/or change in time. The most important constant 
factor is the airport layout characterized by the number and directions of runways, taxiways, 
the runway instrumentation, etc. The most time-variable factor is the weather usually 
characterized by the ceiling, visibility, and wind. Specifically, at the US airports, depending 
on the weather conditions, the aircraft landings can be carried out either under the IMC 
(Instrument Meteorological Conditions) or under the VMC (Visual Meteorological 
Conditions). The limits are shown in Figure 3.3 (Chapter 3) (FAA, 2004). Table 5.1 gives the 
IFR and the VFR minimum separation rules for particular combinations of the aircraft 
MTOW (Maximum Take off Weight) categories specified by the US FAA (Federal Aviation 
Administration) and the ICAO (International Civil Aviation Organization) (NASA, 2001). 

Table 5.1 shows that the IFR separation minima applied under the IMC are about 40 
percent stricter than the VFR separation minima applied under the VMC. 


Table 5.1. The FAA (ICAO) separation rules between the landing aircraft (nm) 


















































VFR 
ifj Small Large B757 Heavy 
Small 1.9 1.9 1.9 1.9 
Large 2.7 1.9 1.9 1.9 
B757 3.5 3.0 3.0 2.7 
Heavy 4.5 3.6 3.6 2.7 
IFR 
i/j Small Large B757 Heavy 
Small 2.5(3) 2.5(3) 2,5(3) 2.5(3) 
Large 4.0 2.5(3) 2.5(3) 2,5(3) 





Source: FAA, 2004; NASA, 2001. 
nm — nautical mile. 
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In both cases, these separations guarantee that there will be no hazard from the wake 
vortices generated by the leading aircraft on the trailing aircraft in particular landing 
sequences. Figure 5.1 shows the influence of the two categories of separation rules on the 
landing capacities as well as a relationship between the corresponding capacities at the 
selected US airports (FAA, 2004). As can be seen, a rather strong linear relationship between 
the IFR and the VFR capacities, with an average difference of about 30 percent exists, i.e. the 
IFR landing capacities generally amount up to about 70 percent of the corresponding VFR 
landing capacities. In Europe, independently of weather conditions, the landings are carried 
out exclusively according to the IFR (Gleave and Jolley, 1996; EEC, 2005). 


140 
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80 
60 
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Figure 5.1. Relationship between the IFR and the VFR landing capacity across selected US airports 
(Compiled from: FAA, 2004; NASA, 2001). 


The distance-based separation rules in Table 5.1 can be divided by the aircraft approach 
speed in order to obtain the minimum time intervals between particular sequences of landing 
aircraft at the runway threshold. The ICAO (1978) recommends that these speeds should be 
calculated as the product of the factor 1.3 and the stall speed of the aircraft in the landing 
configuration and the MLW (Maximum Landing Weight.) Consequently, the commercial 
aircraft are categorized with respect to their approach speeds into five landing classes given in 
Table 5.2. 


Table 5.2. The aircraft classification according to the landing speeds (IMC conditions) 




















A/C class Speed (Knots) 
A 70 -90 
B 91 -120 
C 121 — 140 
D 141 — 165 
E > 165 
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Since all aircraft generate the wake vortices as a function of the lift generation, which 
may affect the aircraft behind, they are classified according to their MTOW (Maximum Take- 
Off Weight). This enables establishing of the correspondence between the above-mentioned 
distance-based separation intervals, the aircraft approach speeds, and their weights. 
Consequently, the aircraft classes A and B in Table 5.2 are considered as the small aircraft in 
Table 5.1 with the MTOW < 7000 kg (these are the small piston engine aircraft and the 
smallest turboprops such as Dornier 228, Cessna Citation, etc.). The aircraft class C in Table 
5.2 includes the large aircraft in Table 5.1 with the MTOW between 7000 kg and 136 000 kg 
(these are the aircraft types ATR 42/72, A319, A320, B737, etc.). In terms of the MTOW, the 
aircraft B757 belongs to the category of large aircraft, but with the specific wake vortex 
characteristics as shown in Table 5.1. The aircraft classes D and E in Table 5.2 belong to the 
Heavy aircraft in Table 5.1 with the MTOW over 136000 kg (these are B747, B767, B777, 
A300, A330, A340, A380, DC10, MD11, L1011, etc. aircraft. In addition, the airport airside 
capacity can be influenced by the factors such as: 


e The ATC operational tactics in managing the timely closed arrivals and departures in 
the airport airside area; this frequently happens at the busy airports where a single 
runway is used for both kinds of operations or at the airports where the close-spaced 
runways do not allow safe independent landings and take-offs; 

e The various noise abatement procedures imposed on a given airport, which may 
additionally affect the capacity (Janic, 2007); 

e Characteristics of the aircraft maneuvering on the taxiways and the apron/gate are 
complex; some of these characteristics include the aircraft taxiing speed, separation 
between the taxiing aircraft, the runway exit’s speed after landing, and the speed of 
the entry/exit the apron parking gates/stands; and 

e The number of available parking stands at the apron/gate complex; this implies the 
type of aircraft and a flight, and the associated teams serving the aircraft and the 
needed turnaround time. 


The above-mentioned factors may influence simultaneously or individually the airport 
airside capacity, thus making it inherently volatile over time. 


5.2.2. Modelling and Estimation of the Capacity 


The literature on the operation research and aviation is relatively rich in the analytical and 
simulation models/tools for estimating the “ultimate” capacity of the airport airside area 
and/or its particular components (Hockaday and Kanafani, 1974; Janic, 2008, 2008a; Odoni et 
al. 1997; Tosic and Horonjeff, 1976). In general, these models/tools deal with the “ultimate” 
capacity of the main airport airside components such as the runway system, taxiways, and the 
apron/gate complex. 


The Runway System 
The “ultimate” capacity of a given airport runway system is usually expressed by the 
maximum number of aircraft operations (i.e. atm), that can be accommodated during a given 
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period of time (usually one hour) under the constant demand for service. This capacity 
depends on the following factors: the weather conditions; the aircraft mix; restrictions in the 
use of particular runways; the level of sophistication of the aircraft avionics and the ATC 
navigation facilities and equipment; configuration of the runway exits and the associated 
taxiways; the expected share of the IMC and the VMC (e.g. the IFR and the VFR operations); 
and the management of utilization of the runway system respecting the operating conditions 
and the type of operations (Horonjeff and McKelvey, 1994). In addition, this capacity can be 
estimated for the conditions when the runway system is exclusively used for landings, take- 
offs and mixed operations. 

The models for estimating the runway system capacity require a priori definition of the 
runway system, the ATC separation rules, the aircraft fleet mix, and a scenario of the runway 
system’s use. Then, the capacity is computed as a reciprocal of the minimum average inter- 
arrival time between the aircraft’ passing through a given “reference location”. This location 
is specified as the point in space where all operations pass through, i.e. where they are all 
counted. Commonly, this is the runway threshold (Blumstein, 1960). Figure 5.2 shows the 
simplified layout of the single runway system. 


Holding area 


Holding area Arrival gate 


Final Approach Gate - FAG x 
y- Final approach path 


Yom- Outer marker (ILS) 
Runway threshold - T lOM y the! er (ILS) 


Runway | E,-Exit 
Y 
Ya- Common departure path 


4---- ~---> 


Departure paths Departure gates 





Figure 5.2. Simplified horizontal layout of the arriving and the departing flight paths to/from an airport 
single runway (Compiled from: Newell, 1979). 


According to the scheme, the arriving aircraft follow a common three-dimensional 
approach path connecting the FAG (Final Approach Gate) F (the system’s entry point) and 
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the runway threshold T. The departing aircraft start take-off at the runway threshold 7, fly 
over the opposite end of the runway, and climb along a departure path to the altitude assigned 
by the ATC. The aircraft maintain the constant speeds while on the final approach and the 
departure path(s), which are dependent on the categories they belong (Table 5.2). However, 
differences in the aircraft approach speeds produce the four distinct pairs of landing 
sequences: the two consecutive slow aircraft - SS; the leading aircraft is slow and the trailing 
aircraft is fast - SF; the leading aircraft is fast and the trailing aircraft is slow - FS; and both 
aircraft are fast - FF. Classification of the particular aircraft types into two groups (fast and 
slow) is both relative and general at the same time, e.g. the one with the higher speed is 
always considered as a “fast” and the other as a “slow.” Their order in approaching a given 
runway determines the type of landing sequence. The similar types of sequences for departing 
aircraft can be identified. The ATC separation rules between the particular landing sequences 
should be applied along the final approach path. For the sequences, SS, FS, and FF, the 
minimum separation rules have to be established at the FAG F, and for the sequence FS at the 
landing threshold 7 (Figure 5.2). In the above-mentioned cases, the horizontal distance 
between the aircraft in the sequence FS increases over time, while it is constant for the 
sequences SS and FF. This distance decreases over time for the sequence SF, i.e. with the 
aircraft approaching closer to the landing runway. Figure 5.3 shows the simplified time-space 
diagram for the above-mentioned aircraft sequences. 
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Figure 5.3. The time-space diagram for particular aircraft sequences landing on a single runway 
(Compiled from: Horonjeff and McKelvey, 1994; Janic, 2001). 


In addition, Figure 5.3 shows that one or more successive take-offs can be carried out 
between the particular consecutive landings, of course, only if the time gap between the two 
successive landings allows such operations safely, i.e. according to the prescribed ATC 
separation rules. 
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e Landing Capacity 

The model for estimating the landing capacity of a single runway implies calculation of 
the average minimum service time for the landing aircraft during a given period of time T 
(usually one hour) under a constant demand for service. This time represents the arithmetic 
mean of the minimum inter-event times. Consequently, the landing capacity expressed by the 
average number of landings during the time 7 can be determined as follows (Janic, 2001): 


u,(T) =r), (5.1) 


where 

N is the number of inter-event times occurring in the time T (s); and 

t is the minimum time interval between (j-/)-th and j-th event counted at the runway 
threshold as the “reference location” 


The denominator of the expression (5.1) depends on the number, length, and the structure 
of the inter-event times of four types: SS, FF, SF, and FS. If the inter-event time between the 
leading aircraft i and the trailing aircraft j in the sequence (ij) is ati, and if the proportions of 
the aircraft types i and j in the arriving traffic mix are p; and p;, respectively, then if i and j are 
independent events, the average minimum inter-event time at the runway threshold for all 


combinations of the landing sequences (ij) is determined as follows (Blumstein, 1960): 


(z= pit: (5.2) 
ij 
and 
A ea e 
where 


Rai is the runway occupancy time by the landing aircraft i; 

oj is the ATC minimum longitudinal separation rules between the aircraft i and the 
aircraft j measured along the path of the aircraft j; it is applied either on the runway’s 
threshold (the sequence v; <v;) or at the final approach gate (the sequence v;> vj); 

yis the length of the common final approach path; 

v; v; is the speed of the aircraft i and j, respectively, assumed to be constant along the 
distance y when v; Sv;, and along the distance 6 + y when v;> vj. 


The condition (5.3) provides that the ATC separation rules between the landing aircraft 


are always satisfied either in the air or on the ground. By combining the expressions (5.1), 
(5.2), and (5.3), the runway landing capacity is computed as: 


eae (5.4) 


102 Milan Janić 





e Take-Off Capacity 

At particular airports, some runways can be exclusively used for take-offs. The capacity 
of these runways can also be achieved under a constant demand for service during a given 
period of time (usually one hour). Such a traffic pattern is very common at airports operating 
as the hubs of particular incumbent airlines, which schedule complexes of flights, each 
consisting of a “wave” of arriving flights followed by a “wave” of departing flights. They are 
scheduled during a relatively short period of time (about one or a few hours). In some cases, 
due to some restrictions at the airports operating the independent parallel runways, one 
runway can be used exclusively for arrivals and the other exclusively for departures. In such a 
case, the runway system operates in the so-called “segregated” mode. When both runways are 
used for both the landings and the taking-offs, the runway system operates in the so-called 
“mixed” mode (Horonjeff and McKelvey, 1994). 

The model for calculating the runway take-off capacity has similar structure as the model 
for calculating the runway landing capacity. The difference lies in determining the times 
between the successive take off events. Essentially, these times are determined respecting the 
fact that the aircraft occupy the runway for some time during a take-off. After getting 
airborne, they follow the SID (Standard Instrumental Departure) routes in the terminal 
airspace (Figure 3.3). The ATC separation rules applied to the successive take-off aircraft 
prevent the runway from becoming simultaneously occupied by two aircraft and provide 
some spacing along the same SIDs in order to avoid the influence of the wake vortices 
generated by the leading aircraft in the particular departure sequences. The “reference 
location” for counting the take-offs is again the runway threshold 7 in Figure 5.3. The inter- 
departure time between the two successive take-off aircraft i and j can be computed as: 


atj = Latin dÉijmin = (Rj - Rj)- Ya ja - Via )] (5.5) 


where 

atijo is the ATC minimum time-based separation rule applied to the aircraft i and j at the 
departure threshold, 

dtijmin is the minimum required time separation between the aircraft i and j at the point 
where they both leave the airport zone (point D in Figure 5.3); 

Ra Rais the runway occupancy time by the departing aircraft i and j, respectively; 

ya is length of the common departure path of the aircraft i and j; and 

V id Vja is the average speed of the aircraft i and j, respectively, along the distance y4 
(Figure 5.3). 


The probability of occurrence of the sequence (ij), assumed to be the realization of a pair 
of the independent events, is equal to: Pij = qi ap;, Where api and ap; are the proportions of the 


aircraft i and j, respectively, in the departure traffic mix. The average inter-departure time for 
all combinations of the departure sequences (ij) is equal to: 


=> Sit (5.6) 
ij 


Consequently, the take-off capacity is estimated as: 
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wu, =T /ta (5.7) 


e Capacity for the Mixed Operations 

Nevertheless, in most airports the runways are simultaneously used for both landings and 
take-offs, i.e. operate in the “mixed” mode. The ATC can apply the various tactics for 
sequencing the different operations at a single runway. Which tactic will be applied depends 
on the mix of the landing and the take-off demand and its distribution in time T (Janic, 2001). 
If the demand for both types of operations is constant, and if each operation is available at the 
time when it can be realized, the three tactics can generally be applied to maximization of the 
runway capacity: the alternate tactic, the consecutive tactic, and the random tactic. The 
alternate tactic allows realization of at least one take-off between any two successive 
landings. The consecutive tactic allows continuous serving of the batches of landings before 
or after serving the batches of take-offs. The random tactic implies a safe realizing of the 
take-offs between the non-interrupted landings while assuming that these landings always 
have a higher priority than the take-offs. Consequently, according to the timespace diagram in 
Figure 5.3, at least (n) take-offs will be able to be realized between any two successive 
landings if the following condition is fulfilled (Horonjeff and McKelvey, 1994; Newell, 
1979): 


ad Éij =R; +p /v; +(n-1)t; (5.8) 


where 

adtij is the minimum time gap allowing a realization of (n) safe take-offs between the 
successive landings i and j; 

Rai is the runway occupancy time by the landing aircraft i; 

Ox is the ATC minimum distance of the landing aircraft j from the runway threshold 
allowing a safe take-off of the aircraft k; 

v; is the average speed of the landing aircraft at the distance óx; 

tą is the runway occupancy time during a take-off. 


If the probability of occurrence of a time gap aut is denoted by py, the total runway 
capacity can be computed as: 


w= (Lt Pa )Me Pa 
where 

Ha is the landing capacity of a given runway 

The above-mentioned interdependency between the landing and the take-off capacity for 


a given runway is usually represented by the “capacity envelope” shown in Figure 5.4 
(Newell, 1979). 
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Figure 5.4. Some generic shapes of the runway “capacity envelope”. 


As can be seen, the heavy line ABCDE represents the various (practically all) cases of 
trading-off between the landing and take-off capacity, which may happen at a given airport. 
The influence of the aircraft mix in terms of the wake-vortex categories and the actual degree 
of possibility for trading-off between the landing and the take-offs, which also affects the 
“capacity envelope” is indicated by the dotted line ACE. The trading-off between the landings 
and the take-offs emphasizes their interdependence. For example, the point A of the 
“envelope” ABCDE indicates the maximum take-off capacity and the minimal — zero — 
landing capacity. The point E indicates the opposite case, i.e. the maximum landing capacity 
and the minimal — zero — take-off capacity. The segment AB indicates that despite the fact that 
the runway operates at the maximum take-off capacity, some landings are still possible 
without interrupting these take-offs. However, with an increase in the demand for landings, 
the trading-off between the landings and the take-offs also increases in terms of the larger 
number of landings carried out on account of a smaller number of take-offs (segment BC of 
the “envelope” ABCDE). At the point C, the number of landings and take-offs becomes equal. 
A further increase in the number of landings decreases the number of take-offs as shown by 
the segment CD. Finally, at the maximum landing capacity, a limited number of take-offs is 
still possible. In any case, the total runway capacity is equal to the sum of the landings a, and 
the take-offs and d,. In addition, the “capacity envelope” AE in Figure 5.4 represents the 
runway capacity when the consecutive tactic is applied, i.e. when all take-offs are carried 
before or after all landings. As mentioned above, this usually happens at the hub airports 
where the incumbent airline(s) schedules a “wave” of the successive landings followed by a 
“wave” of successive take-offs during a relatively short periods of time (1 hour, % hour, 1⁄4 
hour). Similarly as in the alternating tactic, the total capacity is the sum of the landings a, and 
the take-offs d.. In general, the shape of the “capacity envelope” for a given runway 
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influenced by the applied tactics of accommodating landings and take-offs depends on their 
demand during a given period of time. Nevertheless, in any consideration for the relatively 
longer period of time (for example, several successive hours during the day), the landing and 
take-off capacity become equal since, generally, the number of departures can not be greater 
than the number of arrivals. The analogous reasoning applies to estimating the capacity of the 
multi-runway system when the “capacity envelope” can also be used. Figure 5.5 shows this 
“capacity envelope” for New York’s JFK airport (US), which operates two pairs of parallel 
runways crossing each other (FAA, 2004). 


80 
t= \VMC Capacity 
70 med = IMC Capacity 


Take-offs per hour 
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Landings per hour 


Figure 5.5. The “capacity envelope” for the runway system at New York’s JFK airport (US) (Compiled 
from: FAA, 2004). 


The capacity is calculated for the different mixtures of landings and take-offs carried out 

under the VMC and the IMC, when the VFR and the IFR separation rules in Table 5.1 are 
applied, respectively. As can be seen, in general, the VMC capacity is greater than the IMC 
capacity for about 30-40%. As well, the “capacity envelopes” show the possible trading-off 
between the landings and the take-offs, which, as mentioned above, depends on their relative 
demand during the given period of time (1 hour). 
At many airports, the environmental constraints in terms of noise, air pollution, and land use 
can affect the above-mentioned runway system capacity. In order to assess such influence the 
runway system capacity needs to be also defined regarding these constraints. Generally, it can 
be expressed by the maximum number of atm (landings and/or take-offs) accommodated at a 
given runway system under the given constraints during a given period of time (1 hour). For 
noise, this is the total generated sound energy, which does not exceed some prescribed limit, 
i.e. the noise quota. For air pollution, this is the prescribed air pollution quota. For the land 
use, this is the available land for setting up the runway system. In particular, the noise quota 
can be different for landings and take-offs. 

For example, for landings and take-offs, the ‘energy average sound level’, or the 
‘equivalent continuous noise’ index Lyjegr and the index Laer can respectively be used. The 
index Leg is designed to accumulate all the aircraft sound energy from the multiple noise 
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events, either landings or take-offs, carried out during a given period of time 7, which can be 
lh, 8h, or 24h. At the most airports, the concept of Leg is applied to the 16-hour period over 
the daytime (Ashford and Wright, 1992). The cumulative sound energy contained in the Leg is 
assumed to be uniformly distributed over the time T and different for the day and the night 
period. At the airports where there is a night flight ban, the noise quota is equal to zero during 
the ban. However, during the day, it may vary in the range between 57dB (A) and 85dB(A) 
(DETR, 1999). In addition, the Z,,rand Layrrepresent the noise level in dB(A) generated by 
an individual noise event, i.e. landing and take-off aircraft of type (*), respectively. This noise 
is usually estimated at the noise reference locations, which may be either the noise 
certification points or some other selected locations in the vicinity of a given airport ICAO, 
1993). 

As the noise quotas Laæeqsr and Lajegr are set up according to the maximum level of 
tolerance of the affected population, the airport capacity constrained by noise can be 
determined as: 


Cer" 10°!" for landings 
and (5.10) 
Com =T 10%7® for take - offs. 


where the time T is expressed in seconds. In addition, the average sound energy of an 


air /10 


individual noise event, i.e. landing or take-off, can be expressed as: N p = 10° and 


Nir = 10%! respectively. By dividing the airport noise capacity by the average sound 


energy per an individual event, either during landing or take-off, the corresponding number of 
atm within the prescribed quotas during the time T can be estimated as follows: 


fee Cord Na (5.11) 


Figure 5.6 shows some relationships. As can be seen, for the specified noise quota, the 
airport capacity decreases at a decreasing rate with increasing of the noise per an individual 
event, and vice versa. In addition, it increases with increasing of the available noise quota 
given the average noise per an individual event, either landing or take-off. For example, the 
heavy aircraft of Category 3 generate the certificated noise from 90dB(A) to 94dB(A) during 
the landings and between 75dB(A) and 93dB(A) during the take-offs, dependent on the type, 
i.e. the number and type of engines, and the maximum landing and take-off weight, 
respectively. The medium-sized aircraft of Category 3 generate the certificated noise of about 
80dB(A) during the landings and 74dB(A) during the take-offs (Smith, 1993). 

The noise quota may also act as a real constraint to the airport runway capacity under the 
specific circumstances such as, for example, imposition of the severe night limitations or a 
complete night-flight ban. As can be seen from Figure 5.6 (dotted line), in such case, if the 
noise quota is set up at the level of the minimal exposure (say about 50dB(A)), only a few if 
any number of aircraft movements will be allowed (Ashford and Wright, 1992). On the other 
hand, as an average noise per an event is 80dB(A), the number of landings within the given 
noise quota of 60dB(A) will be about 40 atm/h. Similarly, the air pollution quota and the 
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available land for developing a given airport can act as constraints of the airport runway 
capacity (Janic, 2005). 


110 


Lea — Noise quota dB(A) 


100 


Average noise per atm - dB(A) 





60 f f 
0 5 10 15 20 25 30 35 40 45 50 55 60 
The airport noise capacity - atm/h 





Figure 5.6. Relationships between the airport runway capacity, noise quota, and the average noise per 
an individual noise event, i.e. atm. 


The Taxiway System 

The “ultimate” capacity of the taxiway system at a given airport depends on the aircraft 
mix using the active runways, a distance of the particular taxiways from the landing and take- 
off runway threshold(s), and the nature of atm carried out on the runway(s). The proportion 
and timing of landings and take-offs during a given period of time (say 1/4h, % h or 1h) imply 
the nature of operations within the taxiway system. In the given context, the estimation of the 
taxiway capacity is not particularly considered. Some useful material can be found in the 
literature (Horonjeff and McKelvey 1994). 


The Apron/Gate Complex 

The “ultimate” capacity of the apron/gate complex can be expressed in two forms. The 
first is the “static” capacity implying the number of available aircraft stands/gates for parking 
particular aircraft categories. The other is the “dynamic” capacity, which can be expressed by 
the maximum number of accommodated aircraft at the apron/gate complex during a given 
period of time under conditions of a constant demand for service. In general, this capacity 
depends on the number of available aircraft parking gates/stand (e.g. the apron/gate complex 
“static” capacity), proportion of the various aircraft categories requesting service in a given 
period of time, and distribution of the service time for each aircraft by a category and a flight 
type (domestic, international, originating, terminating, and transit). In addition to the aircraft 
parking stands, the “ultimate” capacity of the apron/gate complex implies ability of the 
complete interface to provide effective and efficient transfer of passenger, baggage, and 
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freight between the aircraft on the one hand, and between the aircraft and the airport terminal 
(s) complex on the other. (McKelvey, 1994). The “ultimate” “static” capacity of an apron/gate 
complex, assuming that all aircraft types (classes) can share all available apron parking 
gates/stands, which happens at many airports worldwide, can be estimated as follows 
(Horonjeff and McKelvey, 1994; Janic, 2001; Newell and Edwards, 1969; Stewart, 1974): 


N, =4,(¢, + S,)/U, (5.12) 


where 

No is the required number of parking stands/gates at the apron/gate complex; 

Ag is the average intensity of aircraft arrivals at the apron/gate complex; 

U, is the utilization factor of a parking stand/gate defined as the proportion of time the 
stand is occupied as compared to the total available time; 

Tz is the expected gate/stand occupancy time averaged over the various aircraft 
categories; and 

Sg. is the “separation time. 


The average gate/stand occupancy time zy in expression (5.12) is defined as the time 
between the aircraft’s wheel stop at the stand/gate and the time of the aircraft’s moving out 
from the stand/gate. This time, also called the aircraft turnaround time, is primarily influenced 
by the required aircraft service, type of the aircraft/flights, and the airline schedule. The 
aircraft service is specified for each aircraft type for the given conditions. Generally, it 
increases with increasing of the aircraft size. In some cases, for a given aircraft type, some 
service activities are dropped off thus shortening this time. However, in some other cases, the 
airline schedule may ultimately extend this time. This often happens at the hub airports where 
the airlines operate their hub-and-spoke networks with the complexes of incoming and 
outgoing flights. These networks may often consist of a few sub-networks, each characterized 
by routes of different length and the specific locations of particular spoke airports. At some 
large European airlines, these are the short-haul, the medium-haul, and the long haul route 
networks, which complement each other. Under such circumstances, the turnaround times of 
the aircraft serving particular sub-networks become dependent on each other (Janic, 2005). 
Figure 5.7 shows the time scheme of a complex of flights of such large complex network at 
the airline hub airport. 





Incoming bank:N;-1 flights; i = 1,2,3 


Outgoing bank: N;-1 flights; i = 1,2,3 




















Figure 5.7. The time scheme of a complex of flights of the hub-andspoke network at the airline hub 
airport. 
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As can be seen, the symbols W,; and Wa, are the time windows in which the incoming and 
the outgoing flights of the sub-network (i) are scheduled; y; is the time between the last 
incoming and the first outgoing flight of the sub network (i). In the given case, the turnaround 
time of an aircraft operating within the particular sub-network depends generally on: i) the 
hierarchical rank of the sub-network it serves; the aircraft with a higher rank, i.e. with the 
lower index (i), arrive at the hub airport earlier and depart later, which implies that they serve 
the sub-networks with the longer routes; ii) the size of the incoming and the outgoing banks 
of flights, i.e. the complex of a given and a higher ranked sub-network(s); and iii) the service 
rate of particular banks of the incoming and the outgoing flights. Consequently, the apron 
stand/gate occupancy time of an aircraft operating in the sub-network (i), Tp; can be estimated 
as follows (Janic, 2005): 





ai di j=i+l a Haj 


t= ms ; (N, of 1, | er SN, | E. | for 1=1,2,..M (5.13) 
where 

M is the number of sub networks in the given hub-and-spoke network; To; is the nominal 
turnaround time of the aircraft of the sub-network (i); 

Nj, N; is the number of nodes (a hub plus spokes) in the sub-network (i) and the sub- 
network (j), respectively; 

Lai, Hai is the service rate of the last incoming and the first outgoing flight of the sub- 
network (i), respectively; and 

ym is the time gap between the bank of incoming and the bank of outgoing flights of the 
given complex of the sub-network (i). 

In addition, in order to cluster the complexes of flights at the hub airport, the turnaround 
times of particular aircraft at the spoke airports need to be adjusted thus becoming dependent 
of those at the hub airport and of the length of routes between these airports. Figure 5.8 shows 
a scheme for three sub-networks in the above-mentioned example. 





Was Waz War War Waz? Waz 
Outgoing bank: N;-1 flights; | = 1,2,3 Incoming bank:N;-1 flights; i = 








Figure 5.8. Scheme of coordinating the aircraft turnaround times at the spoke airports of the airline hub- 
and-spoke network. 
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As can be seen, for example, for an aircraft operating in the sub-network (i), the average 
turnaround time at the spoke airport, T; can be estimated as follows: 


d; dj 
r; =max|ty;7, +) £40, -2 -w, nie LAN, peer (5.14) 
; vi vj 2 Mai Kadi 2 Haj Haj 


for i = 2,3,..M 





where 

W, W; is the time in which the banks of flights serving the sub networks (i) and (j), 
respectively, are scheduled at the hub airport; 

d;, djis the average length of a route in the sub-networks (i) and (j), respectively; and 

vi vj is the average aircraft speed on the routes in the sub-networks (i) and (j), 
respectively. 

The other symbols are analogous to those in the expressions (5.12) and (5.13). 

Unlike at the hub airport, the aircraft operating in the sub-network with the lower 
hierarchical rank will always stay longer at the spoke airport(s) in order to join the aircraft 
serving the sub-network of the higher rank within the same complex. That means that the 
smaller aircraft flying on the shorter routes usually wait longer at the spoke airport for 
“nesting” with the larger aircraft flying on the longer routes. This has been identified as one 
of the reasons for a relatively low utilization of the smaller regional aircraft used in the given 
context. 

Because of dependency of the aircraft turnaround times throughout a given airline hub- 
and-spoke network, the operation, sizing, and utilization of the apron/gate complex of both 
the hub and the spoke airport(s) included in this network may become ultimately dependent of 
each other. In any case, according to expression (5.12), due to the prolonged aircraft 
turnaround times, the larger apron/gate complex is needed at both kinds of airports. The 
“separation time” S, in expression (5.12) consists of the push-out time, the time needed for 
departing aircraft to “clear” the space around the closest stands/gates, and the time needed for 
a new (arriving) aircraft to come from the apron’s entrance to the assigned gate. As 
mentioned above, this time very often depends on the availability of taxi-lanes enabling the 
aircraft moving in and out from the parking gates/stands around relatively close piers or 
fingers. 

In addition to the “static” capacity of a given apron gate complex, the utilization of 
particular parking gates/stands is important and is usually measured by the proportion of time 
for which the specified gates/stands are occupied by the aircraft. This can be estimated as 
follows: 


J 
U = ear Baa (5.15) 


j= 


where 
ki is the average number of visits of a given parking gates/stands by the aircraft type (j); 
m; is the number of aircraft type (j) per a visit of a given parking stands/gates; 
7; is the parking stand/gate occupancy time by the aircraft type (f); 
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N is the number of parking gates/stands; 

T is the available time for using the given parking stands/gates (i.e. busy hours during 
the day); and 

J is the number of aircraft types using the given parking stands/gates. 


After relatively simple modification of expression (5.12), the “dynamic” capacity of the 
apron/gate complex with the given number of parking gates/stands can be estimated. 


5.3. THE AIRPORT LANDSIDE CAPACITY 


5.3.1. The Scope and Content 


The capacity of the airport landside area includes the capacity of the passenger terminal 
complex, the capacity of interfaces between the passenger terminals and the ground access 
systems on the landside and those between the passenger terminals and the aircraft on the 
airside area side. Regarding their basic function, the above-mentioned components of the 
airport landside area may be classified into: processors (e.g. the servers of customers); 
reservoirs (e.g. the waiting areas for customers); and links (e.g. the areas connecting 
processors and reservoirs). Processors in the passenger terminal buildings enable passengers 
to enter and/or leave the aircraft. Reservoirs provide space for waiting for the next processing 
phase. Links designated as the passageways, walkways and escalators connect particular 
processors and reservoirs in the same and/or different terminals. 

At the airport ground-access systems, processors imply vehicles operating along the road 
and rail links connecting a given airport and its catchment area. Reservoirs are parking lots 
consisting of the holding bays and the other parking areas for particular vehicles. Links are at 
the fixed guide-way systems’ stations, curbs and cargo docks. The principal users of the 
airport access systems are air passengers, senders and greeters, visitors, airport employees, air 
cargo personnel, etc. The most numerous users are, however, air passengers. 

The capacity of processors, reservoirs, and links in the passenger terminals, interfaces, 
and the airport access systems can be estimated as the “static” and “dynamic” “ultimate” or 
“saturation” capacity, and the “practical” capacity. 

The static “ultimate” capacity reflects the capability of a given service facility or an area 
to accommodate the air passengers. In the passenger terminals, this capacity is expressed by 
the maximum number of passengers simultaneously accommodated in a given space under 
given conditions. This depends on the designed (planned) size of a given space and the 
desired ‘static’ quality of service expressed by the minimum space standards assigned to each 
occupant (i.e. air passenger and/or his/her companion). These standards are specified as the 
planning and design parameters during the construction of the airport (AACC/IATA, 1981). 
The storage capabilities of the mobile and semi-mobile interfaces on both sides of the 
passenger terminal(s) should also be considered. 

The components with the storage capabilities at the airport access systems are stalls in 
parking lots in front of a given terminal (s), the vehicle slots on the curb areas, the curb areas 
themselves, etc. In addition, the vehicles have the storage capability usually expressed by the 
maximum number of simultaneously (and safely) accommodated passengers (Vuchic, 2007). 
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The dynamic “ultimate” capacity of a given landside component is defined by the 
maximum number of passengers served per unit of time under conditions of constant demand 
for service. In the passenger terminal(s), this capacity can be estimated for the above- 
mentioned processing facilities. For the links in the terminal(s), this capacity can be expressed 
by the maximum number of passengers passing through a given link during a given period 
under constant demand for service. The dynamic “ultimate” capacity of the airport access 
systems (modes) embraces the capacity of lines, stations, and vehicles. In such context, the 
capacity of lines is defined by the maximum number of vehicles (transport units) served at 
any point of a given line during a given period of time (usually, one hour) under conditions of 
"saturation", i.e. constant demand for service. This capacity depends on the vehicle departure 
frequency, the average travel speed along the line, and the time needed to serve the vehicles at 
the specified stations (Manheim, 1979; Vuchic, 2007). 

The “practical” capacity of the particular landside components reflects their capabilities 
to serve a given number of customers while imposing the average delay, which does not 
exceed a given level. In most cases, this capacity reflects the quality of service provided to 
users under given circumstances. 


5.3.2. Estimation of the Capacity 


Passenger Terminal Complex 

Until nowadays, there has not been a general methodology for estimating the “ultimate” 
capacity of the passenger terminal complex However, different models have been developed 
to assess and quantify its elements such as the passenger and baggage service processes in the 
given terminal building or in its particular parts (Tošić, 1992). The main inputs for these 
models, in addition to the demand, are the processing rates of passengers and baggage by the 
specific service components such as the processors, reservoirs, and/or links. In such context, 
the static “ultimate” capacity is estimated for the reservoirs where the air passengers and their 
companions wait for the next service phase. For the departing passengers, these areas are 
those in front of the ticketing and check-in counters, the central terminal hall(s), the security 
checking area(s), and the hold-room(s). For the arriving passengers, these are the baggage 
claim areas around the baggage claim device(s) in the baggage hall(s), the secondary 
examination queue areas, and the GIS (Governmental Inspection Service) area(s) including 
the custom, immigration, and the health desks’ areas (Ashford et al. 1997). The number of 
occupants waiting in any of the above-mentioned areas at a given moment of time is 
estimated as follows (Janic, 2001): 


C, =S/S, (5.16) 


where 

S isthe size of a given waiting area; and 

So is the standard unit of space intended to the standing and/or the seating occupants in 
a given waiting area within the terminal building (Ashford et al., 1997). 
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If the number of occupants C,, and the space standard S, are known, the size of the entire 
waiting area S reflecting its static “ultimate” capacity can be computed from expression 
(5.16). 

The dynamic “ultimate” capacity of the service facility consisting of the several identical 
units can be estimated as follows: 


Cy =n (5.17) 


where 

n isthe number of service units operating within a common service facility, and 

4 is the average service rate of a single service unit; this can be estimated as a 
reciprocal value of the average service time per customer (the customer can be a passenger 
and/or his/her bag). 

Expression (5.17) implies that the service rates of particular service units of a given 
service facilities can be standardized, which depends on the technical/technological 
characteristics of the facility. However, in most cases, these rates fluctuate as influenced by 
the performance of the operating staff and the characteristics of customers requesting service. 
For example, the check-in time may significantly vary across the particular categories of 
passengers on domestic or international flights. Since these passengers usually carry the 
different number of pieces of baggage of the different weights, their check-in time will likely 
be quite distinct. In addition, particular operations can partially or completely be automated, 
thus crucially influencing the basic service time, and consequently the corresponding service 
rate(s) of a given service facility. 

The “ultimate” capacity of a baggage claim device can be expressed by its capability to 
store the passenger bags. This capability directly depends on the type and the size of the 
mechanized device and the average size of a piece of baggage. The maximum number of 
pieces of baggage that can be displayed on a claim device under an assumption, that none of 
the bags has been taken-off and that the belt has been loaded until being completely covered, 
can express this capability. These devices commonly used at many airports worldwide have 
the typical capacity from about 78 to 318 pieces of baggage (Ashford et al., 1997). 
Experience so far has indicated that the “practical” storage capacity of a given baggage claim 
device amounts up to about one third of its full storage capability (Ashford et al., 1997; 
Horonjeff and McKelvey, 1994). The storage capabilities of a given baggage claim device 
represents its “static” capacity although the belt on the device rotates on a chosen pattern 
around the reclaim area. The average speed of the belt is about 0.45m/s. In such case, there 
are the two service rates related to the “dynamic” capacity: the rate of loading, i.e. the 
arriving rate of bags onto the device, and the rate of emptying the device dependent on the 
passengers’ ability to take-off their bags after recognizing them (Ashford et al., 1997). 

The “ultimate” capacity of links in a given passenger terminal (s) is specified mainly 
during their design and construction. This capacity can also have the “static” and the 
“dynamic” dimension. The maximum number of occupants (passengers) simultaneously 
being in a given link represents the link’s “static” capacity. The maximum number of 
passengers passing through the specified “reference location” of a given link during a given 
period of time under a constant demand for service represents the link’s “dynamic” capacity 
(Ashford et al., 1997: Horonjeff and McKelvey, 1994). 
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The capacity estimates of particular components of the passenger terminals can be used 
as inputs for more complex models intended to the planning and design of the terminals. 
These models are based on the network analysis, queuing theory, and the fast-time simulation 
Horonjeff and McKelvey, 1994; Tosic, 1992). These models can examine the detailed 
behavior of the passenger and baggage flows while being processed in a given terminal 
building and consequently can investigate their rather complex interactions, which are 
relevant for design of the required space for both passengers and the related service facilities. 
An application of such a rather complex model is illustrated in Chapter 8, which describes the 
main elements and components of the process of design of an airport passenger terminal. 

It should be pointed out that the very similar to the above-mentioned principles apply to 
estimating the “ultimate” capacity of particular components of the off-airport terminals in the 
domain of the specified operations. Usually, these are the check-in, the initial security check, 
and eventually the baggage handling. 


The Airport Ground Access Systems 
Estimation of particular dimensions of the “ultimate” capacity of the airport access 
systems is presented for the road-based and the rail-based systems (modes (Vuchic 2007). 


e The Road-Based Systems 

Capacity of the airport road-based access systems consists of two components: the 
capacity of vehicles transporting the air passengers and the others to/from a given airport, and 
the capacity of the road links (e.g. network) connecting the airport with its catchment area. 
The capacity of the vehicle is determined by four elements: the vehicle's dimension, the 
available space, the comfort’s standards, and the seat/standee ratio (Hay, 1977; Vuchic, 
2007). 

Both the private car and the taxicab offer up to four seats. In cases of being used by 
business passengers, these vehicles can be considered to have the capacity of up to two 
persons. Buses operate to/from a given airport either according to a timetable, which is often 
adjusted to the airport timetable. Their carrying capacity can vary from six seats (minibus) to 
about fifty seats (classical bus) per vehicle (Ashford et al., 1997). Such a wide range of 
capacities and adaptability to the airport schedule makes the bus system sufficiently flexible 
in adapting to the short-term fluctuations in the demand on the hourly, weekly, and/or 
seasonal basis. 

The maximum number of vehicles that can pass through a given “reference location” of a 
given airport access road in a given period of time (for example, one hour) under the given 
(ideal) traffic conditions and a constant demand for service can be used to express the road’s 
“ultimate” capacity. Regarding the above-mentioned definition, the capacity of a given road 
lane is estimated as follows (Janic, 2001): 


C =3600/(H/V) =3600V / H =3600V /(L, + S,) (5.18) 


where 

V is the average speed of the saturated vehicle flow (m/s); 

H is the average headway between the two closest neighboring vehicles measured by the 
distance from the front of the leading vehicle to the front of the following vehicle (m); 
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L, is the average length of a vehicle in a given traffic flow (m); and 
Sais the vehicle’s stopping distance at a speed V including the driver’s reaction time, 
breaking distance, and a factor of safety (m). 


The capacity of a lane in expression (5.18) has been estimated to be about 2000 
vehicles/h given the optimal speed of traffic flow of 48-56 km/h and the uniform headway 
between the closest vehicles in the flow of 22-25 meters or 1.44-1.80s. The capacity of 2000 
vehicles/h per lane is often used as its ideal “ultimate” capacity (Hay, 1977). Nevertheless, for 
the practical application, this ideal capacity has been modified by considering the prevailing 
conditions along a given lane in terms of factors such as: the shoulder width, the incidence of 
the commercial vehicles (buses and heavy trucks), the lane’s gradient, the sight distance, and 
the other factors peculiar to the type of roadway. Consequently, based on expression (5.18), 
this modified capacity can be estimated as (Hay, 1977): 


C = 2000 NwT.B, (5.19) 


where 

N is the number of lanes in one direction, 

w is the capacity adjustment factor for the width of a lane and the shoulder (i.e. the 
lateral clearance), 

T is the trucks’ factor influencing the ideal capacity, and 

B, is the bus’ factor influencing the ideal capacity; this is used only when the buses are 
analyzed separately from the other commercial vehicles. 


The “ultimate” capacity of a lane (roadway or highway) reflects the supply capability of 
the facility to serve all kinds of users including those traveling between a given airport and its 
catchment area. In many cases, the actual traffic flow at the level close to the lane capacity 
causes congestion and delays of all including the airport users (Janic, 2001). 


e The Rail-Based Systems 

The airport rail-based ground access systems consist of the rail lines connecting a given 
airport with one to the several rail stations in its catchment area, and the rolling stock 
operating along these lines. The number of rail lines, the capacity of rolling stock, and the 
train frequency depend on the size of a given airport reflecting the potential volumes of 
demand (Ashford et al., 1997). The trains can be composed of different numbers of cars 
depending on the volume and the structure of the expected demand. The carrying capacity of 
a typical rail car varies from 40 to 70 seats (Vuchic, 2007). There is also a space for the 
standing passengers in each car. 

The line capacity, defined as the maximum number of trains, which can be 
accommodated along a given line during a given period of time (usually 1 hour), can be 
estimated as follows (Vuchic, 2007): 


Siik = 3600 /[max(H ymin ; H, min )] (5.20) 


where 
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Hy, is the necessary headway between the successive trains on particular sections of a 
given line (s); and 

H, is the station’s headway as the inter-arrival time of trains at the particular station(s) 
along the line(s). 


In the most cases, the condition Hymin>Hsmin is fulfilled. This implies that the station 
headway(s) determines the capacity of a given line. The vehicle line capacity, expressed by 
the maximum number of rail cars passing through the specified “reference location” of a 
given line during a given period of time, can be estimated as follows (Vuchic, 2007): 


C= fan (5.21) 
where 

Í maxis the maximum train frequency determined in expression (5.20); 

n isthe number of rail cars per a train/frequency. 


As well, the “offered” capacity can be defined as the number of the passenger seats 
(spaces) offered on a given line per unit of time. As such, it reflects the capability of a given 
rail line to carry the passenger volumes. Under an assumption that all cars composing the 
train have approximately the same seating rapacity, the “offered” capacity can be estimated as 
(Vuchic, 2007): 


C, =CN. (5.22) 


v 
where, N, is the number of passenger spaces per a rail car (seats). 


Finally yet still importantly, since the rail-based airport access systems usually operate 
according to a fixed schedule, the schedule line capacity C, can also be used as a measure of 
the system’s performance. The number of passenger spaces, which pass through a given 
“reference location” under a given schedule can express this capacity, i.e. C, < C (Vuchic, 
2007). 


5.3.3. Balancing the Airport Airside and Landside Capacity 


Balancing the airport airside and the airport landside capacity can be carried out in 
different ways. One of them implies balancing the capacity of the airport ground-access 
systems and the capacity of the airport airside area. In such context, for a given airport ground 
access mode, this capacity can be expressed by the number of vehicles of a given transport 
mode (i), C,; entering the central area around the passenger terminal complex during a 
specified period of time under a constant demand for service as follows (Ashford et al., 
1997): 


C; z Haa Pi lAN < C, (5.23) 
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where 
4a is the airport airside capacity expressed by the number of atm during a given period 
of time; 
Mai is the average number of passengers per atm; 
A,; is the average occupancy factor of a vehicle operated by the ground access mode (i); 
N,; is the seating/standing capacity of a vehicle operated by the ground access mode (i); 
pi is the proportion of all passengers choosing the ground access mode (i); and 
C; is the lane capacity of the transport mode (i). 


The lane capacity C; in expression (5.23) can be calculated from the expressions (5.18), 
(5.19), and (5.20). It should be pointed out that, any calculation of the required capacity, the 
size of particular areas, and the type of interfaces with the passenger terminal complex 
requires an estimation of the characteristics of using the particular airport ground-access 
modes in both the relative (modal split) and the absolute terms (the number of users per unit 
of time). In addition, it requires setting up their general design (the surface and/or 
underground construction). 
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Chapter 6 


AIRPORT CONGESTION AND DELAYS 


6.1. INTRODUCTION 


The air transport system consisting of airports, the ATC (Air Traffic Control) with the 
associated airspace and airlines, provides the capacity to accommodate the expected demand, 
i.e. aircraft/flights, under the given conditions. The flights run according to pre-determined 
schedule(s) at both the airports and through the airspace. The schedules specify the time of 
their passing through the particular “reference locations.” If the actual times of passing 
through these “locations” deviate from the scheduled times, the affected flights will be 
considered as delayed. Overall, the aircraft/flight delays have generally increased during the 
past decade and half in the contemporary (and matured) air transport systems such as, for 
example, those in the US and Europe. These delays have materialized at the airports as the 
arrival and the departure delays. In addition, they have been distinguished for particular 
phases of the aircraft movement through the airport airside area as the arrival delays, taxi-in 
delays, and the apron/gate arrival delays for the incoming aircraft/flights, and as the gate- 
departure, taxi-out, and the departure delays for the outgoing aircraft/flights. In addition, 
particular components of the incoming and the outgoing delays at a given airport can 
generally be dependent on each other. As well, because of the inter-connectivity of flights 
within the aircraft daily itinerary, delays from the earlier flights can transfer into delays of the 
later flights if not neutralized in the meantime, and consequently propagate between the 
airports included in the given aircraft daily itineraries. The airline hub-and-spoke networks 
have additionally increased such inter-airport (in addition to the already high inter-flight) 
delays’ dependency (Janic, 2005). The inherent tendency of propagating through the airline 
and the airport networks raises the question if the delays could be standardized in some way 
and then used as an indicator of the Level of Service (LOS) quality in the airport airside area. 


6.2. ANALYSIS OF THE AIRSIDE CONGESTION AND DELAYS 


6.2.1. The Ways of Consideration 


Congestion occurs whenever the demand exceeds the available capacity of a particular 
component of the air transport system. Congestion causes delays of the affected 
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aircraft/flights. Based on the consensus within the airline industry, time deviations of up to 15 
minutes behind schedule are not considered delays. Nevertheless, even these shorter delays 
are also used for assessment of the airline/airport punctuality performance (BTS, 2007; Janic, 
2001). 

The air transport delays can generally be considered from the operational and the 
economics aspect. The former aspect is described in this chapter. The latter aspect is 
discussed in Chapter 7. In addition, the aspects of particular actors involved can be 
considered. For example, the airlines consider delays in combination with the flight 
cancellations as an attribute of punctuality and reliability of their services, which are of 
crucial importance for the users’ satisfaction and consequently the airline’s attractiveness. 
The ATC/ATM considers delays as the outcome from the temporal imbalance between the 
demand and the capacity of a given airspace, which should be kept under control while 
maintaining the safety. The airports consider delays as brought on by the affected airlines. 
Usually, these airports intend not to be the additional contributors of delays because of the 
shortage of the airside and the landside capacity. In this case, delays can be created in the 
airport airside area and in the airport landside area, and interrelate to each other. 

Specifically, the airport airside delays can be considered from two broad aspects: 1) as 
any temporal imbalance between the airport airside demand and the corresponding capacity; 
and ii) the late arrivals of aircraft/flights at the specified “reference location(s)” due to any 
cause. The former aspect implies the generic cause of delays, i.e. the demand temporarily 
exceeds the capacity and thus causes delays. The later aspect refers to the location(s) within 
the airport airside area where delays are registered. 


6.2.2. Delays Because of Imbalance between Demand and Capacity 


Delays caused by an imbalance between the demand and the capacity of particular 
components of the airport airside area can be considered in different ways. In general, three 
types of these delays can be distinguished as follows (FAA, 2007): 


¢ The General Arrival and Departure Delays usually occur when the scheduled 
demand exceeds the capacity for a relatively short period of time (several minutes). 
In such case, the arriving aircraft/flights are airborne waiting for landing in vicinity 
of a given airport. Departing aircraft/flights queue on the taxiways and wait for 
departure from a given runway. Many factors may drive these delays such as the 
imprecision in keeping the arrival and departure schedule, the en-route delays, 
change of the runway in use, and/or the temporal bad weather. 

e The Ground Holding Delays occur when the scheduled demand is expected to 
substantively exceed the capacity of a given destination airport for the longer period 
of time (several hours during the day). This happens when the airport arrival and/or 
departure capacity significantly deteriorates and consequently limits the number of 
aircraft/flights that can be accommodated with reasonable delays. The rather long 
perceived delays are carried out according to the GHP (Ground Holding Program) at 
the affected aircraft/flight departure airports, aiming at reducing the cost of these 
delays as compared to their costs if they were airborne (Chapter 7). The most 
influential cause of these delays is bad weather usually requiring increasing of the 
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ATC separation rules and consequently decreasing the arrival capacity of the 
destination airport or even closure of parts of the affected airport (runway(s)). 

The Ground Stop Delays occur to the departing aircraft/flights in cases of the 
temporal (the short time) deterioration of the arrival capacity at their destination 
airport(s) or in the corresponding en-route airspace. This implies that the affected 
departures are temporarily postponed (delayed) until the affected capacity fully 
recovers. The most frequent reason for these delays is short lasting bad weather. 


6.2.3. Delays as Late Arrivals at the “Reference Location(s)” 


Depending on the purpose, the aircraft/flight delays are recorded at the different 
“reference locations” within the airport airside area. They represent the difference between 
the actual and the scheduled (Flight Plan) time of passing through a given “location.” 
Consequently, the following delay categories can be distinguished (FAA, 2007): 


i) Arriving Aircraft/Flights 


Airborne Delays are considered as the differences between the actual and the 
estimated aircraft/flight airborne times. They entail the en-route delays and the delays 
just before landings; 

Taxi-in Delays_are counted as the differences between the actual taxi-in times and the 
unimpeded taxi-in times. These delays occur when the apron parking gates/stands for 
the arrived aircraft are not available and/or if there is interference between a given 
aircraft/flight and the other incoming and/or outgoing traffic taxing along the same 
taxiways; and 

Gate Arrival Delays are considered as the cumulative differences between the actual 
gate in times and the scheduled gate in times. They embrace the airborne delays and 
the taxi-in delays. 


ii) Departing Aircraft/Flights 


Gate Departure Delays are counted as the differences between the actual and the 
scheduled gate-time out. The Gate Arrival Delays and the delays due to processing 
passengers and freight shipments in the passenger and freight terminal complex can 
influence these delays; 

Taxi-Out Delays represent the differences between the actual taxi-out times and the 
unimpeded taxi-out times. The interference between the affected aircraft/flight with 
the other outgoing and incoming aircraft/flights using the same taxiway system can 
be one of the main causes; and... 

Departure Delays are the difference between the actual and the scheduled take-off 
times. They entail the gate departure and the taxi-out delays, as well as the delays 
due to waiting in the queue just before take-off. 


Figure 6.1 shows an example of development of the taxi-in and the taxi-out delays at the 
one among the three largest New York airports, JFK (John Fitzgerald Kennedy) (US). 
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Figure 6.1. Dependence of the taxi-in and the taxi-out delays of the volume of traffic at NY JFK airport 
(US) (period 1998-2007) (Compiled from: FAA, 2007). 


As can be seen, both types of delays have increased over time during the observed period 
in line with increasing of the number of scheduled flights. Over the entire period, the taxi-out 
delays have been much longer that the taxi-in delays. Similar development has taken place at 
the other two airports serving the New York area, LGA (LaGuardia) and EWR (Newark 
Liberty International) (FAA, 2007). 


6.2.4. Dependability and Propagation of Delays 


In general, some categories of the aircraft/flight delays in the airport airside area are 
inherently dependent on each other. This particularly applies to the Gate Arrival and the Gate 
Departure Delays of the connecting flights constituting the aircraft daily itineraries. Largely, 
for the affected aircraft/flights, the Gate Arrival Delays at the destination airports depend on 
the Gate Departure delays at the origin airports and eventually on the congestion in the en- 
route airspace in between. Since the rather long Gate Arrival delays cannot be neutralized by 
the time “buffers” incorporated in the aircraft turnaround time(s), they convert into the Gate 
Departure delays, which continue to propagate to the other airports included in the aircraft’s 
daily itinerary. Figure 6.2 shows an example of interdependency between the Gate Arrival 
delays and the Gate Departure delays at six US airports: Atlanta Hartsfield, Dallas /Fort 
Worth, NY LaGuardia, Chicago O’Hare, San Francisco International, and Los Angeles 
International airport, for the period 1999-2006 (FAA, 2007). As can be seen, for both the ‘all’ 
and the ‘delayed’ flights there is a rather strong linear relationship between the Gate Arrival 
delays and the Gate Departure delays (Wang, 2004). 
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Figure 6.2. Dependence of the average departure delays of the average arrival delays at six busiest US 
airports (1998-2006) (Compiled from: FAA, 2007). 


In the case of ‘all’ flights, the average Gate Arrival delays have ranged between 8min and 
28min causing the average Gate Departure delays from 8min to 23 min. Each single minute of 
the Gate Arrival delay has generated about 0.8min of the Gate Departure delays. The free 
term of about 2 min can be considered as a deviation of the actual from the scheduled aircraft 
turnaround time. At the ‘delayed’ flights, the Gate Arrival delays have ranged from 35min to 
60min causing the Gate Departure delays from about 30min to 50min. This indicates that 
each single minute of the arrival delay has generated about 0.6min of the departure delay. The 
‘free’ term of 14.5min can be understood as a deviation of the actual from the scheduled 
aircraft turnaround time(s) and particularly from the perceived en-route and the arrival delays 
due to the capacity restrictions at the downstream airport(s). Usually, these delays are realized 
at the aircraft/flight departure airports in the scope of the GHP (Ground Holding Program) 
(Terrab and Odoni, 1993). In both cases, shortening of the Gate Departure delays as 
compared to the Gate Arrival delays indicates the airlines’ strategy to suppress escalation and 
propagation of delays along the aircraft daily itinerary. This is usually carried out by 
introducing the appropriate time “buffers” in the flight block time(s) and the aircraft 
turnaround time(s). However, in the cases of ‘delayed’ flights, the external factors impose 
much longer initial Gate Departure delays (Wang, 2004). 

Dependency and propagation of the Gate Arrival delays and the Gate Departure delays appear 
to be an inherent feature of the hub airports hosting the airline hub-and-spoke networks. It 
such case, several outgoing flights may be delayed due to the delay of a single (or several) 
incoming flights connected between each other within the same complex, and vice versa. For 
example, in the hub-and-spoke networks of some large European airlines, the former flights 
are the long-haul intercontinental flight(s) and the latter flights are the short-haul and the 
medium-haul national and continental (European) flights. In such cases, the arrival delays 
cause the departure delays to propagate throughout the daily itinerary of many aircraft, i.e. of 
almost all included in a given complex. Sometimes, the terms ‘primary’ for the initial and the 
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‘reactionary’ for the passed delays are used (ITA, 2000; Janic, 2005). The delays due to a 
propagation effect could be substantive (EEC, 2004). In particular, the scale of this effect 
depends on the time of a day when the initial delays start. In order to measure this delay- 
propagation effect, the so-called delay multiplier is designed. Figure 6.3 shows an example of 
dependency between this delay multiplier, a length of the initial delay, and the time at which 
the delays start to develop. 
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Figure 6.3. Dependence of the delay multiplier on the initial delay and the time of day (Compiled from: 
EEC, 2004). 


As can be seen, the delay multiplier in Figure 6.3 generally increases with increasing of 
the initial delay and decreases if this initial delay starts later in the day. Consequently, the 
delays transfer between the successive flights and the successive airports included in the daily 
itineraries of the affected aircraft (Janic, 2005; EEC, 2004). 


6.2.5. Some Other Important Characteristics of Airport Delays 


Influencing Factors 

The aircraft/flight delays, which materialize at a given arrival and/or departure airport 
generally depend on many causes, which under the given circumstances, can act individually 
or in common. For example, in the US NAS (National Airspace System), the main causes of 
delays (about 31%) have been a combination of the current system’s inability to cope with the 
weather, congestion, and the other factors affecting efficiency of the traffic flows at the major 
airports and along the congested airways. The other causes of delays (27%) have been the 
airline related delays arising from the maintenance problems and the inherent inefficiencies in 
the airline operations. In addition, the delays propagated along the aircraft daily itinerary 
because of the aircraft’s late arrivals and inability to carry out the forthcoming flights on time 
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have accounted for about 36% of the total delays. However, the main cause of the initial 
delays, which start to propagate through the aircraft’s daily itinerary and the airline network, 
has been the overall ATC system and the airline schedule inefficiency. In such context, bad 
weather has caused only 6% of the total delays (BTS, 2001; FAA, 2002a; Elias et al., 2007). 
Similarly, in Europe, the main causes of delays have been bad weather, the ATC staffing, 
failures of the ATC facilities and equipment, and others, all requiring restriction of the airport 
and the ATC acceptance rates (i.e. capacity) thus slowing down the air traffic flows and 
consequently affecting the aircraft/flights involved. Table 6.1 gives an example of distribution 
of the main causes of the aircraft/flight delays in the European airspace during the period 
2000-2006 (EEC, 2006). 


Table 6.1. Distribution of the influencing factors of the aircraft/flight delays in 
European airspace 
































Year Cause 
Weather | Airport Capacity | ATC Capacity Other ATC Staffing/ATC Equipment 

2000 11 6 72 11 
2001 13 7; 62 18 
2003 20 8 46 18 
2003 24 14 35 27 
2004 25 15 42 18 
2005 27 17 22 34 
2006 28 12 27 33 
2007 27 10 45 18 























Source: EEC, 2006; 2008. 


Evidently, bad weather has been one of the main and increasing causes of delays, with a 
share rising from about 11% in the year 2000 to 28% in the year 2006. The restriction of the 
airport capacity has also been an increasing cause during the observed period, from 6% in the 
year 2000 to about 20% in the year 2006. The above-mentioned figures indicate an increasing 
vulnerability of the European airspace system to the bad weather and increased airport 
congestion, and a substantive relief from increasing of the overall capacity of the ATC system 
after opening up the national airspaces in the scope of the “Single European Sky” initiative 
(EC, 2004). 


Share and Duration 
In particular, the congested European airports have been increasingly frequent causes of 


the longer aircraft/flight delays. Table 6.2 gives developments for the period 2000-2006. 


Table 6.2. Share of airports in the total duration of the aircraft/flight delays in Europe 





Year 2000 2001 2002 2003 2004 2005 2006 
Share (%) 27 24 34 45 48 50 44 
Source: EEC, 2006. 
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As can be seen, a share of the airport delays in the total duration of aircraft/flight delays 
increased from 27% to 44% during the observed period confirmed the above-mentioned 
statement (EEC, 2006). 

Duration of the aircraft/flight delays can be presented in the various formats depending 
on the purpose and available data (EEC, 2002; 2006; 2008; FAA, 2007). Figure 6.4 (a, b) 
shows an example of delays at three New York airports, LGA, JFK, and EWR. 
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Figure 6.4. The flight arrival and departure delays at three largest New York airports (US) (Compiled 
from: FAA, 2007). 


Both the average arrival and the average departure delays at all three airports have 
increased over time, i.e. during the observed period 2003-2007, and on average amounted to 
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about one hour. The departure delays have been slightly shorter than the arrival delays. As 
well, the delays at EWR (Newark Liberty International) airport have been the longest. 


Frequency of Occurrence 

Frequency of occurring delays at airports is usually expressed as the proportion of 
delayed flights as compared to the total number of accommodated flights during a given 
period of time. Table 6.3 gives an example of the relative frequency of delays at the busiest 
European and the US airports. 


Table 6.3. Frequency of occurrence of delays at the selected European and US airports 















































European airports Delayed Flights (%) US airports Delayed Flights (%) 
(2007) Arrivals | Departures (2007) Arrivals | Departures 
Paris CDG 18.0. 25.0 Chicago-O’Hare | 34.0 34.0 
London 28.0 28.0 New York /JFK | 37.0 31.0 
Heathrow 

Frankfurt 21.0 19.0 Atlanta 26.0 28.0 
Amsterdam 17.0 26.0 NY-La Guardia | 42.0 29.0 
Madrid/Barajas 21.0 23.0 San Francisco 30.0 25.0 
Vienna 22.0 24.0 Dallas-Ft. Worth | 28.0. 29.0 
Munich 16.0 18.0 Boston Logan 30.0 25.0 
Brussels 18.0 20.0 Philadelphia 33.0 31.0 
Zurich 22.0 26.0 NY-Kennedy 28.0 19.0 
Rome/Fiumicino | 21.0 24.0 Phoenix 22.0 23.0 
Copenhagen/K 18.0 20.0 Detroit 26.0 23.0. 
Milan/Malpensa 18.0 20.0 Los Angeles 24.0 20.0 





























Sources: EEC, 2008; FAA, 2007. 


As can be seen, the proportion of delayed aircraft/flights at the European airports has 
varied from 17% to about 30% for arrivals and from 8% to 24% for departures. At the US 
airports, this proportion has varied from about 22% to 40% for arrivals and from 9% to 38% 
for departures. This implies that the more frequent delays have occurred more in the US than 
at the European airports. 


Cost of Delays 

The aircraft/flight delays are an important measure of the punctuality performance of a 
given airspace system. They affect all three main components of the system, i.e. airlines, the 
ATC, and airports on the one side, and the system’s end users, i.e. passengers and freight 
shippers, on the other. In general, the airlines have suffered from delays through the increased 
operational costs. The ATC has been faced with a challenge to handle growing demand safely 
and efficiently with the limited capacity, which has frequently been vulnerable to the weather. 
The congested airports have caused more frequent and longer aircraft/flight delays, thus 
indicating the need for expansion of their airside and landside infrastructure’s capacity 
(Chapters 5 and 9) (Janic, 2001). Finally, the end users, passengers and freight shippers, have 
been imposed the cost of lost time because of delays. 
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Evidently, the additional costs imposed by delays have usually been based on the airline 
operating cost and the value of passenger (and freight) time. The figures on the delay costs at 
the different levels of aggregation have been regularly updated. For example, the average cost 
of delay in the US in the year 2006 was estimated to be 62.33 $US/min in terms of the airline 
operating costs and the additional 30.26 $US/min in terms of the cost of passenger time (both 
gave the total cost of delay of 92.59 $US/min) (http://www.airlines.org/topics.htm). In 
Europe, the cost of delay ranged between 87€/min and 126 €/min for the ‘primary’ delays, 
and between 75€/min and 90 €/min for the ‘reactionary’ delays, based on the airline operating 
cost and the passenger time cost (ITA, 2000). The above-mentioned figures imply that in the 
US, the 15-min delay costs 1389 $US and in Europe, it varies from 1305€ to 1890€. In 
addition to these averages, the unit cost of delay may differ regarding the specific flight, 
depending of the length of route, the aircraft seating capacity, load factor, the aircraft 
operating cost, and the value of passenger time. As well, in almost all calculations, the cost of 
delay is usually considered to increase linearly with increasing of the delays (Hansen et al., 
2001; Janic, 2005). 


6.3. MODELING THE AIRSIDE CONGESTION AND DELAYS 


6.3.1. A Generic Approach 


At an airport, which operates under regular conditions, congestion and delays happen as 
soon as the instant (scheduled) demand exceeds the airport available arrival and/or departure 
capacity. Such demand-capacity relationship(s) is expressed as the demand/capacity or the 
volume/capacity ratio (Welch and Lloyd, 2001). In general, at least theoretically, congestion 
and delays tend to increase more than proportionally with increasing of this ratio considered 
as an indicator of the utilization of the available airport “ultimate” capacity. Figure 6.5 (a, b) 
shows examples of dependency of the average aircraft/flight delays on the annual 
demand/capacity ratio across 32 US and 17 European most-congested airports in the year 
2002 (EEC/ECAC, 2002; FAA, 2007). 

The demand/capacity ratio is calculated by dividing the number of realized aircraft/flights 
by the available airport capacity during the period of one year. As can be seen, the average 
delay per atm, i.e. a departure and/or an arrival, was generally longer at the US than at the 
European airports. At the US airports, the average departure delays varied from 10min to 
20min, and the arrival delays from 5min to 15min for the annual demand/capacity ratio 
ranging from 0.25 to 0.60. According to the criterion of 15-minutes, these operations were not 
counted as the delayed atms. At the European airports, almost all delays were shorter than 
15min for the average annual range of the demand/capacity ratio between about 0.3 and 0.7. 
In both regions, the delays of both types of operations slightly increased with increasing of 
the demand/capacity ratio. The above-mentioned figures changed when the delays per 
delayed aircraft/flights were considered. In the example shown in Figure 6.5, the average 
delay per delayed atm was again longer at the US airports than at the European airports, i.e. 
40-60min in the former compared to 15—25min in the latter case. 
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Figure 6.5. Dependence between the average airport delays and the average annual demand/capacity 
ratio (Compiled from: EEC/ECAC, 2002; FAA, 2007). 


In both regions, these delays were similar for both types of operations and approximately 
independent on the airport demand/capacity ratio. According to the criterion of 15min, these 
are considered as the delayed atms (AEA, 2006; EEC/ECAC, 2001). At the same time, the 
demand/capacity ratio varied between 0.25 and 0.65 at the US airports and between 0.35 and 
0.75 at the European airports. This indicates that, at almost all airports, delays were caused 
predominantly by some other causes and only partially by the pure demand capacity 
imbalance (Odoni and Fan, 2001; Welch and Lloyd, 2001). 

In general, the daily and the hourly demand/capacity ratio at a given airport can take the 
values up to and above one, i.e. 9 = D/C (D — Demand; C — Capacity), which can be < / if D 
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< C; = 1; if D = C; and/or > 1, if D > C. Figure 6.6 shows the examples at the selected US 
and European airports. 
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Figure 6.6. The daily variations of the demand/capacity ratio in the given examples (Compiled from: 
ACL, 2002; FAA, 2007; Schiphol Group, 2002). 


As can be seen, at the Amsterdam Schiphol and the NY LGA airport, this ratio was lower 
than one during an average day in the year 2001 (i.e. p < 1). However, at the NY LGA airport 
it was exceeding the value of one for almost the entirety of Independence Day in the year 
2001 (i.e. o> 1). At the Atlanta Hartsfield airport, the demand/capacity ratio was greater than 
one from the late afternoon until midnight. At the London Heathrow airport, this ratio was 
greater than one during the entire day. The cases in which p < / imply the occurrence of the 
general arrival and departure delays, while those in which p > / imply the occurrence of the 
long delays. The hourly values of the demand/capacity ratios in Figure 6.6 very often hide 
their short-term fluctuations above the value of one during the shorter (15-minutes) periods. 
This often, if not always, happens at the hub airports. Figure 6.7 shows an example of such 
short-term fluctuatuions at the Atlanta Hartsfield airport (US) where seven “waves” of the 
incoming and the outgoing flights were scheduled during an average day. As can be seen, in 
each arrival and/or a departure “wave”, the demand/capacity ratio exceeded the value of one, 
and thus implied the significant queues and delays, just caused by the airline’s flight 
scheduling. Nevertheless, these queues and delays were already internalized. 
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Figure 6.7. The fluctuations of the demand/capacity ratio at the Atlanta Hartsfield airport (US) 
(Compiled from: FAA, 2004; 2007). 


6.3.2. Modeling Congestion and Delays by the Stochastic Models 


Analytical Model(s) 

In addition to collecting the real-life data, the research and academic community has 
generally used the analytical and the simulation models for estimation of the aircraft/flight 
congestion and delays in the airport airside area (Horonjeff and McKelvey, 1994; Odoni and 
Bowman, 1997). Specifically, the analytical models based on the theory of steady-state 
queuing systems, have been used for a long time. In these models, the airport runway system 
and its adjacent airspace are considered as the server(s) and the aircraft/flights as the 
customers. In addition, the demand/capacity ratio pọ = D/C is always assumed to be lower 
than one. As a result, the generic expression for estimating the average delay per an arriving 
aircraft/flight requesting service on the single airport runway looks as follows (Horonjeff and 
McKelvey, 1994; Newell, 1979): 


ACG, +1/ ue) 


= 20-A th) — 
where 

W, is the average delay of an arriving aircraft/flight (time units), 

Aa is the average intensity of demand, i.e. the aircraft/flight arrival rate (aircraft per unit 
of time), 

4Ha is the average aircraft/flight service rate as the reciprocal of the mean service time for 


arrivals (42, =1/ta; where ta is the minimum average service time per an arrival (time 


units)), and 
Oa is the standard deviation of the arrival service time. 
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In expression (6.1), the parameters 2, and D on the one hand, and the parameters 4, and 
C on the other, are analogous, i.e. the ratio p = D/C = A;/tu. The average service time for 


arrivals ta is the larger value among the runway occupancy time and the average separation 
time between the successive arrivals/flights while approaching to a given runway. As the 
reciprocal of this average service time, the average services rate 44 represents the runway 
“ultimate” landing capacity (Chapter 5). The analogous expression with the modified 
subscripts calculates the average delay of a departing aircraft/flight. In most cases, the arrival 
aircraft/flight flow is considered as a Poisson process and the service time as the stochastic 
variable with the general probability distribution (Janic, 2001; Newell, 1979). The above- 
mentioned model has shown to be of very high practical value mainly due to its simplicity 
and transparency, and particularly after obtaining the empirical evidence on the correctness of 
its results in the most general sense (Welch and Lloyd, 2001). 


Simulation Model(s) 

The steady-state queuing models have shown to be a quite inappropriate for modeling the 
arrival and/or the departure aircraft/flight delays during a rather long traffic peak(s) when the 
demand significantly exceeds the runway “ultimate” capacity. In such cases, the stochastic 
simulation model(s) of different complexity have been effectively used. Generally, these 
models record the times at which the arrival and/or the departure aircraft/flights pass through 
the specified “reference locations” of a given airport’s airside area. In addition, they identify 
if the servers such as the runway system or the apron/gate complex are busy or empty and for 
how long. Consequently, they estimate the aircraft/flight delays as the difference between the 
scheduled and the actual times at these locations. The main feature of these models implies 
the random generation of the aircraft/flight inter-arrival times and the service times at the 
particular “reference location(s)” from the corresponding statistical distributions based on the 
real-life data. The generic expression for estimating a delay due to any two interfering 
aircraft/flights approaching the same airport runway can be estimated as follows (Newell, 
1979): 


Wi+1 = max [0; Wi + Si- (Ti+ - T)] fori e N (6.2) 


where 
W; is the delay of the aircraft/flight (i), 
S; is the service time of the aircraft/flight (i), 
T;, T; + are the arriving time of the aircraft (i) and (i + 1), respectively; and 
N the number of aircraft considered in a given experiment. 


Expression (6.2) is the well-known recurrence relation from the theory of the time- 
dependent or the transient queues (Newell, 1982). In this case, the FCFS (First Come-First 
Served) service rule is applied to a given number of the arriving (and/or departing) 
aircraft/flights. Summing up the Wọ; s and dividing the sum by N gives the average delay per 
an aircraft as the main outcome of interest. The average delay can also be computed by 
carrying out a series of experiments containing the different number of aircraft/flights 
involved. Some results from both the analytical and the simulation models applied to a single 
runway serving exclusively the arriving aircraft/flights are shown in Figure 6.8. 
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In Figure 6.8, the average arrival delay at both models increases more than proportionally 
with increasing of the intensity of demand (i.e. the demand/capacity ratio). 
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Figure 6.8. Dependence of the average delay per an arriving aircraft/flight of the intensity of demand 
for p = D/C < 1 (Compiled from: Flightime.info, 2007; Janic, 2001). 


If the average delay as the criterion for the Level of Service Quality (LOS) is considered 
to be 5min, the runway throughput or the “practical” capacity will be 34atm/h, which is quite 
similar to the throughput at the Frankfurt Main airport (Germany) when operated under the 
IFR conditions. If the average delay is 15min, the runway “practical” capacity will be 
37atm/h. This is very close to the throughput at the London Heathrow airport (UK). If this 
average delay is guaranteed for the period of several hours during the day, the corresponding 
throughput can represent the “sustainable practical” capacity, which is usually used in the slot 
allocation procedure(s) (Chapter 7). A similar reasoning can be used for departures (Janic, 
2001). 


Usability of the Stochastic Model(s) 


e Marginal Increase in the “Ultimate” Capacity 

The delay-capacity curve in Figure 6.8 appears useful for estimating the prospective 
benefits in reducing delays by the marginal increasing of the runway “ultimate” capacity (for 
example for one or a couple of atms). For example, such increase has been achieved by 
reducing the aircraft landing separation minima thanks to estimating the wake vortex behavior 
at DFW (Dallas Fort Worth) airport (US) by the NASA’s AVOSS (Aircraft Vortex Spacing 
System) (NASA, 2001). Figure 6.9 shows a range of these possible effects. 
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Figure 6.9. Relationship between the marginal increase in the runway ultimate capacity and a decrease 
in the average delays. 


As can be seen, at a light to moderate demand/capacity ratio, the marginal increase in the 
“ultimate” capacity contributes to a rather modest and slow decrease in the marginal delays. 
However, when the demand/capacity ratio approaches to the value of one, then even the 
minor relative increase in the “ultimate” capacity contributes to the substantive relative 
decrease in the marginal delay. Such dependability implies that at the most heavily congested 
airports, even the marginal increase of the “ultimate” capacity can be very beneficial in terms 
of the substantive decrease in the average delays. 


e The Capacity Stability Paradox 

The experience has indicated that airport operations become extremely unstable when the 
above-mentioned demand/capacity ratios are very high, i.e. close to the value of one. In 
addition, through the slot allocation process, the number of allocated slots, considered as the 
airport “practical” capacity, has never been equal to the “ultimate” airport capacity (Chapter 
7). In expression (6.1), this is the variable 4,. Under the conditions of continuously growing 
demand and the limited possibilities for expanding the capacity, the idea was born to increase 
the ratio 9 = D/C = A44 as high as possible. If 4, is constant, this can be carried out by 
increasing the number of allocated slots, i.e. the airport “practical” capacity 2, .through 
estimation of the average delay per operation W,. Based on expression (6.1), the airport 
“practical” capacity can be determined as follows: 





An 22W, u; 22W u; 


= —_ = — 6.3 
 2W*u,+(0o2u? +1) 2W}u,=+(C? +1) oe 
a Ha ala a Ha a 


where all symbols are analogous to those in expression (6.1). However, increasing of the 
“practical” capacity decreases its stability, which can be estimated as: 6, = T /(A,,) , where 


T is the period for which the “practical” capacity Aa is specified (Desart et al., 2008). Figure 
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6.10 shows dependence between the airport “practical” capacity and its stability, of the 
average delay per atm. The other relevant influencing parameters are assumed constant. 
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Figure 6.10. The capacity stability paradox: dependence of the “practical capacity” and its stability of 
the average delay per atm. 


As can be seen, the airport “practical” capacity increases at a decreasing rate and its 
stability decreases at an increasing rate with increasing of the average delay per atm. 
Consequently, the dilemma may arise of how to set up the airport “practical” capacity for the 
slot allocation purposes: either at the higher level with an acceptable risk of inherent 
instability, which may cause unpredictable increase in the already high delays; or at the lower 
level, which would enable both the higher stability and the lower delays. In the former case, 
the airport and the airlines would claim insufficiency of the capacity and require increasing of 
the “ultimate” capacity usually by building new runways. This in turn would provide the 
higher “practical” capacity without increasing of delays. In the latter case, the growing traffic 
demand would be either allocated to the off-peak periods or diverted to the less congested 
(regional) airports. Experience indicates that both the airport operators and the airlines prefer 
the former option. For example, one of the major European airports has raised the “practical” 
capacity during the peaks 8% on account of increasing the average delay per operation for 
100%, i.e. from 4 min to 8 min (Desart et al., 2008). Nevertheless, the problem remains for 
most large airports in Europe and the US how to cope with the prospectively increasing 
congestion and delays in the most feasible way. 


6.3.3. Modeling Congestion and Delays by the Deterministic Models 


The deterministic queuing models based on a diffusion approximation have been 
frequently applied to the conditions when the demand has highly exceeded the runway system 
capacity for a relatively long period of time (i.e. for several hours during the day). These 
models imply that the congestion and delays exist only when the server is oversaturated. i.e. 
when the intensity of demand as the time derivative of the cumulative count curve for arrivals 
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A(t) (i.e. A(t) = dA(t)/dt) exceeds the server’s service rate, i.e. the “ultimate” capacity, as the 
time derivative of the cumulative count of departures D(t) ,(i.c. dD(t)/dt = u(t), ut)=u = 
constant during a short period of time) (Newell, 1982; Janic, 2005a). Figure 6.11 shows a 
typical demand/capacity relationship of the over-congested airport runway system during the 
period of several hours during the day. 
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Figure 6.11. The cumulative count of demand, capacity, and the resulting congestion and delays when 
p =D/C2 1 atthe NY LGA airport (US) (Compiled from: FAA, 2007). 


The horizontal axis represents the time of a day and the vertical axis represents the 
cumulative counts of the total demand and the total capacity. The demand expresses the 
cumulative number of aircraft, which request landings and take-offs. The cumulative number 
of the served landings and take-offs represents the capacity. The vertical difference between 
the two curves at a given time approximates the congestion, i.e. the number of aircraft in the 
queue (both landings and take-offs). The horizontal distance between the two curves indicates 
a delay of the last aircraft/flight in the queue. As can be seen, at around 13:00h, the queue 
consisted of about 40 either landing or taking-off aircraft/flights with the waiting time of the 
last one in the queue of about 48 minutes. The area between the curves represents the total 
aircraft waiting (queuing) time seemingly being enormous in the given case (Newell, 1982). 

Modeling of congestion and delays using the above-mentioned curves of the cumulative 
counts is based on the assumption that they are mutually independent. In the given context, 
the curves A(t) and D(t) may relate only to a single realization or be the averages of many 
realizations of the two processes at a given airport during a given period of time. Dependent 
on the relationships between the two curves, three sub-periods can be identified: i) the period 
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(0, tı), in which the curve A(t) lies below the curve D(t) and when p(t) is lower than /.0; in 
this case only the “random effects” cause congestion; ii) the period (t; t2) = T, in which the 
curve A(t) exceeds the curve D(t) and the ratio p(t) becomes equal, greater, and again equal to 
one; in this case, the “deterministic effects” mainly cause congestion and delays; and iii) the 
period (tz, T), in which the curve A(t) again drops bellow the curve D(t) and the ratio p(t) falls 
below the value of one. Consequently, the queue of aircraft/flights at a time (t) can be 
approximated as follows (Newell, 1982): 


Q(t) = max[0; A(t)— D(t)] for ter (6.4a) 


The variations of the queue Q(t) during the short time increments Af (5, 10 and/or 15 
minutes) are estimated as follows: 


O(t) = max[O; [Ot -AA HAO- UAM] for ter (6.4b) 


where 
O(t-At) is the queue of aircraft/flights at the time (t-At); 
A(t) is the intensity of the aircraft/flight demand at time (t); and 
u(t) is the aircraft/flight service rate (i.e. the “ultimate” capacity) at time (t). 


The expressions (6.4a) and (6.4b) assume that the queue of aircraft/flights is zero before 
the demand 4 exceeds the capacity u for the first time. Using expression (6.4b), the delay of 
the last aircraft/flight waiting in the queue at the time (t) is determined as follows 


w(t) = O(t)/ u(t) (6.4c) 


where all symbols are analogous to those in the previous expressions. 
The average delay per an aircraft/flight waited in the queue during the congested period T 
is approximated as follows (Newell, 1982): 


w(t) =[1/ 4(7)}* [[4@ - DO (6.44) 


where 
A(t) is the number of aircraft/flights requesting a service during the congestion period 7, 
i.e. A(t) = A(t) — A(t). 


By applying expression (6.4) to the inputs in Figure 6.11, the queues and delays are 
calculated and shown in Figure 6.12. 

As can be seen, during a given day, the aircraft/flight queue started to develop early in the 
morning immediately after opening the airport at 6:00 a.m. It grew over time and reached its 
maximum around 8:00 p.m. Since after that time the demand significantly diminished, the 
long queue also disappeared relatively quickly, one hour before the midnight. In this case, the 
average of 35 flights and the maximum of 59 flights waited in the queue. The aircraft/flight 
delays developed during the day were affected by the queues. For example, delay of the last 
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aircraft/flight in the queue changed in proportion with the changes in the queue. The average 
and the maximum delay per an aircraft/flight were about 35-40min and 65min, respectively. It 
seemed that under such conditions, it might be a relatively complex task to set up the LOS 
quality for both the instant and the average delays. Nevertheless, this might be about 25- 
30min. 





Queue/delay - aircact/flights /min 





0 2 4 6 8 10 12 14 #16 #18 20 22 24 
Time of day - (hours) 


Figure 6.12. Queues and delays when p =D/C 2 1 at the NY La Guardia airport (US) (Compiled 
from: Janic, 2005a). 


6.3.4. The Airside Delays as Input for the Airport Planning and Design 


Congestion and delays in an airport airside area can be used as inputs for the airport re- 
planning and re-design, but with caution. The main reason is that information on them can 
inherently contain and thus deliver the ambiguous messages to the airport planners and 
designers as follows: 


e Congestion and delays as an indicator of the scarcity of the airport airside capacity 
should be identifiable; consequently a given airport should avoid becoming an 
additional cause of the aircraft/flight delays; 

e The frequent and repetitive delays of particular flights due to airline-related reasons 
may create the impression of the insufficient capacity at a given airport(s); the 
aircraft/flight delays are the primary problem of airlines being in the front line for 
complaints of their users-passengers and freight shippers; 

e The airport congestion and delays, except those caused by the scarcity of its capacity, 
are also the common problem of the national airspace, including the other airports 
and airlines involved, and the ATC/ATM; 

e Congestion and delays at an airport may be an indicator of its relatively high 
attractiveness; 
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e Expansion of the airport airside area (capacity) is not only the problem of the airport 
management but at least equally the problem of the local (and central) authorities; 

e The methodologies for analysis and modeling of the airport congestion and delays 
should be applied carefully respecting the specific conditions; 

e Increase in the airport “ultimate” capacity certainly contributes to increasing of the 
airport “practical” capacity without increasing or even decreasing of the average 
aircraft/flight delays; 

e The airport “practical” capacity could also be increased by increasing the average 
aircraft /flight delays; 

e Increasing the “practical” capacity closer to the “ultimate” capacity increases the 
capacity instability and a risk of unpredictable delays due to even minor disruptions; 

e Trading—off between the lower but more stable “ultimate” capacity and consequently 
the longer average delays and the higher but less stable “ultimate” capacity and the 
shorter average delays, will certainly become the matter of increasing interest and 
importance for the planners, designers, and operators of the most congested airports 
in both Europe and the US (BAA, 2005). 
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Chapter 7 


MATCHING THE AIRPORT CAPACITY 
TO DEMAND IN THE SHORT-TERM 


7.1. INTRODUCTION 


The main problem of the congested airports is finding an efficient and effective way of 
matching their fixed capacity to growing demand at the tactical and the operational level, i.e. 
in the short-term. The “short-term” implies any period of time, which is shorter than the time 
needed for planning, design, and implementation of the substantive airport capacity such as 
building additional runway(s) and/or the passenger (and freight) terminal complex. 
Experience has shown that a period for a substantive expansion of the capacity can be 
relatively long, i.e. very often, even about ten years. This is mainly because of the frequently 
long-lasting public inquiry at the local and very often at the national level on the ways of 
carrying out expansion without imposing the additional burden, in terms of noise, air 
pollution, and land take, on the local population and the environment, respectively. These 
measures are described in Chapters 8 and 9. Therefore, the “short-term” period can be 
considered as a period for operationalization of the new processing facilities, equipment, and 
related procedures in the airside and landside area. This can also be a period for transferring a 
portion of the excessive airport demand to the alternative locations and/or transport modes. 
Finally, this can be a period for implementing the demand management measures to spread 
the demand peaks. Operationalization of the innovative procedures for increasing the airport 
airside (runway landing) capacity is under increasing investigation. The focus is on increasing 
the “ultimate” landing capacity of closely-spaced parallel runways. The innovative 
procedures supported by the existing ILS are considered to be based either on the concept of 
displaced landing threshold or on the steeper approach of particular aircraft categories, both 
taking place on one of the two closely spaced parallel runways. The latter procedure requires 
aircraft certification (Janic, 2008). In addition, the time-based separation rules are considered 
as an option to diminish the difference between the IFR and VFR separation rules, and 
consequently increase the runway landing capacity under IMC (Janic, 2008a). Some 
preliminary calculations indicate that in each of the above-mentioned cases, the capacity 
gains can be 20-25%. Shifting a portion of the airport demand to other transport modes is 
described in Chapter 10. The measures of the demand management are elaborated below. 
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In general, the demand management measures intend to constrain the access of excessive 
demand to the scarce capacity of the already congested airports, thus changing the time 
character of this demand and consequently relieving its pressure on the capacity. In other 
words, they contribute to spreading the traffic peaks and thus enable the demand to fit well 
with the available capacity over a longer period during the day. The currently available 
measures for the demand management are divided into three categories: administrative, 
economic, and hybrid measures, the last being a combination of the former two. 

The IATA (International Air Transport Association) administrative measures implying 
the schedule coordination are generally used at most airports worldwide. These are the 
traditional measures respecting the past performance and the relevant facts, and they are 
generally applicable at modestly congested airports. However, at the heavily congested 
airports where the demand exceeds the capacity for a certain margin and the period of time 
during the day, these measures can affect competition and consequently cause the market’s 
distortion. 

The most known economic measure is the congestion charging or the congestion pricing. 
This measure assumes that, in order to optimize the use of a scarce airport capacity, the 
particular aircraft/flights should be fully charged by the marginal delay costs they impose on 
the other aircraft/flights. This implies internalizing of the congestion costs. Despite being 
theoretically sound and possibly effective in some specific cases, this measure is shown to be 
a rather complex idea to be implemented, due to both the practical and the policy reasons. 

The hybrid measures combine both the administrative and the economic measures. The 
former set of measures is used for an initial allocation of the available (scarce) airport slots, 
i.e. the “ultimate” capacity. The latter set of measures embracing the congestion charging and 
the slots’ auctioning is used for the final slot allocation-distribution. Essentially, the above- 
mentioned measures constitute the so-called strategic demand management policy since they 
become a part of the institutional and the regulatory framework within which a given airport 
can operate for a given period of time (season, year, a few years, etc). 

In addition to the policy measures of the strategic demand management, the tactical 
demand management measures constituting the tactical policy are also applied by the 
ATC/ATM, on the daily and the hourly basis. The ATC/ATM applying these measures is, for 
example, EUROCONTROL in Europe and FAA (Federal Aviation Administration) in the US. 
In such cases, these measures constitute the ATFM (Air Traffic Flow Management) “tool.” 
This “tool” actually controls the intensity of the aircraft/flight flows towards the perceivably 
congested airports and parts of the airspace dynamically, in real-time. The “tool” consists of 
the measures such as the GHP (Ground-Holding Program), the management of aircraft/flight 
delays in combination with optimization of the utilization of the airport available capacity, 
and the prioritizing of particular categories of the landings and take-offs. The first measure 
implies postponing the aircraft/flight take-offs in order to avoid the perceived more expensive 
long airborne delays both en-route and/or at the destination airport(s). The second measure 
implies assignment of the airport runway capacity to the arriving and to the take-off aircraft in 
a way to minimize the total costs of their delays on the one hand, and maximize the utilization 
of the available capacity (slots) on the other. The last measure implies assigning priorities to 
particular aircraft categories in a given arriving and/or departing stream, which can minimize 
the total cost of delays. 


Matching the Airport Capacity to Demand in the Short-Term 147 





7.2. THE STRATEGIC DEMAND MANAGEMENT 
7.2.1. The Administrative Regulation 


The Scope 

The administrative measures of the airport demand management are based on the concept 
of slots. A slot is a time interval during the day given to an airline to carry out its flight 
(arrival and departure) at a given airport during a year (or season). At US airports, the slots 
are given to airlines as the rights to use only the runways. At the European airports, 
entitlement for using the slots implies that the airlines can use the runways, the apron/gate 
parking stands, and all related services. In the former case, the slots are the ownership of the 
FAA (Federal Aviation Administration), which can give the airlines a right to use them as 
leased assets according to the different criteria such as the so-called ‘grandfather rights’, 
auction, and/or through the secondary market. In the latter case, the slots are considered the 
state’s assets, which are given to airlines in the form of a right to use them. In any case, the 
mediator between the airlines, airports, and the state is the slot coordinator (Czerny et al., 
2007). 

The criteria for defining the number of slots to be allocated to airlines are not always 
clear. In particular, at the US and the European congested airports, the number of slots is 
determined, as compared to the “ultimate” airport capacity, to maintain the average delay per 
atm (air transport movement) at the prescribed (acceptable) level. This implies that the 
number of slots actually controls the average delay on the one hand, and provides the required 
level of utilization of the airport capacity on the other. In some cases, most frequently in 
Europe, the number of slots can be influenced by the environmental constraints at airports in 
terms of noise and air pollution. 

The slots available at a given airport are usually allocated to particular airlines according 
to some criteria. For a given flight, these can be duration of operation, i.e. history, regularity 
in terms of operating on the daily and/or weekly basis, origin and destination, and 
characteristics of the airline requesting a slot. In general, the slots will be preferably allocated 
to the airlines with the longer operating period and higher flight regularity, but also to those, 
connecting the new markets and the new entrants expected to bust the airport growth. 

The most widely used mechanism for the slot allocation is the schedule coordination 
carried out by the IATA (International Air Transport Association). In this process, the airports 
are categorized at three levels: Level 1, or the “uncoordinated” airports, where the capacity is 
sufficient to meet the current and the expected demand; Level 2, or the “coordinated” airports 
where the demand is close to the available capacity, thus requiring some voluntarily 
cooperation between particular airlines coordinated by the schedule coordinator in order to 
avoid the over-saturation of their capacities and consequent congestion and delays; and Level 
3, or the “fully coordinated” airports where the demand might exceed the capacity if the 
appointed schedule coordinator in cooperation with all actors and stakeholders would not 
revise and re-allocate the available slots carefully. Currently, about 140 airports worldwide 
belong to this last category. The detailed description of the slot allocation procedure is 
described in academic and professional literature (Czerny et al., 2007; deNeufville and Odoni, 
2003). Nevertheless, the sophistication of the schedule coordination in terms of the allocation 
of slots may significantly vary across particular airports. In general, two mechanisms can be 
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used: the slot controls and the economic measures based on the economic value of slots and 
the congestion charging (pricing). 


The Slot Control 

Some airports use a simple limit of the number of slots during one hour under an 
assumption that it will be the same for all hours during the day. Some other airports use the 
limits during the shorter time intervals, for example of 30min or 15min, in combination with 
their diversification during the day and a season. On a daily basis, this happens very often in 
the late evening, night, and in the early morning hours when, due to protecting the local 
people from noise, the number of available slots is very low or even zero (i.e. no operations). 

One of the generic examples of the slot control mechanisms has been in place at four US 
airports, ORD (Chicago O’Hare), JFK (New York Kennedy) LGA (New York La Guardia), 
and DCA (Washington Reagan National.) There, the so-called HDR (High Density Rule) has 
been in place for almost four decades. The HDR has contained the mechanisms for allocating 
the landing and the take-off slots to the incumbent airlines in order to maintain the congestion 
and delays under the prescribed level. Over time, the actors responsible for implementation of 
the rule have changed. Until the year 1986, it had been a committee at each airport. After that 
time, the incumbent airlines were allowed to buy and sell their slots, but with obligation to 
use, or otherwise, return them to the administrator (FAA). At the beginning, it was expected 
that trading with slots would stimulate and open a space for the new entrants at these airports 
and consequently stimulate competition. However, the effects were opposite, i.e. the 
incumbent airlines became even stronger. The legislative Act for the 21* Century (AIR-21) 
from the 1990s specified that the HDR should be abandoned at Chicago O’ Hare airport by the 
middle of 2002 and at the other New York airports by the end of the year 2007. The 
consequences were shown in the significant increase in traffic by regional jets at LaGuardia 
airport already in the year 2000. At Chicago O’Hare airport, the FAA, in cooperation with 
two main airlines, managed the slot allocation. These two US airlines, American and Delta, 
operated the airport as their main national hub. Both airlines had about 90% of the slots. In 
the year 2004, because of growing congestion and delays at the airport, the FAA discussed 
with both airlines voluntarily reducing the number of flights towards the number of available 
slots during the specified congestion period since delays from this airport were spilling 
towards all other airports of the NAS (National Airspace Network). The airlines reduced the 
number of flights 5%, but since congestion and delays continued to increase, the additional 
reduction required by the FAA had to be made during the afternoon hours. The slot control at 
the airport will stay in place until a new capacity is added. At New York JFK airport, the slot 
control on the hourly basis has also been applied (Elias et al., 2007; MASSPORT, 2004). 

In Europe, a typical example of the slot-controlled airport is the London Heathrow airport 
(UK) where most of the scarce slots have been distributed according to the international 
agreements. In addition, for a long time, i.e. since the year 1972, the airport has practiced the 
peak period pricing, mainly through the aircraft landing fees counting on the airlines’ ability 
to pay. This forced many airlines to abandon the airport. In addition, over time, despite 
changing their structure, the landing fees at the airport have continued to increase. 
Consequently, many short-haul flights have moved to the other London airports thus freeing 
more slots for the large long-haul intercontinental flights. Currently, the UK slot coordinator 
ACL in cooperation with the airport operator BAA (British Airport Authority) specifies the 
hourly number of slots at the airport, which varies depending on the season. For example, 
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during the summer period this is up to 84 per hour. During the winter, it is up to 78 per hour. 
This number is nevertheless close to zero during the period 23:00h-07:00h of each day 
independent of the season due to mitigating the nose burden on the local population. 
Consequently, the total annual number of slots at the London Heathrow is limited to 480 
thousands (Chapter 9) (BAA, 2004). 

In any of the above-mentioned cases, the number of slots are allocated respecting the 
airport runway’s “ultimate” capacity, which has been considered as a constant for the 
declared period. However, over time, at most airports, this capacity has gradually increased 
because of the permanent improvements in the ATFM (Air Traffic Flow Management) 
practice, from the tactical to the operational level. 

Experience has indicated that the administrative measures of the demand management 
have been relatively successful at those airports where the demand has approached close to 
the available capacity or just slightly exceeded it for the relatively small number of hours (or 
the shorter periods) during the day. However, at the airports where the demand has exceeded 
the airport capacity significantly and for a longer time during the day, these measures have 
shown insufficiently flexible for both controlling the access and providing the most efficient 
allocation of slots. This has been mostly in terms of inflexibility of the slot exchange between 
the airlines according to the criteria neutral from the interests of the individual airlines, which 
have intended to save their inherited grandfather’s rights. In addition, the entry of new 
airlines, which would strengthen competition, has shown to be very complex, i.e. in many 
cases, only at the marginal scale. Consequently, a pressure for considering the alternatives 
ranging from the “hybrid” to the pure economic measures of the slot allocations has 
increased. 


The “Hybrid” Measures 

The above-mentioned case of slot allocation and control at the London Heathrow airport 
contained some ingredients of the congestion charging and consequently produced some 
outcome that could be theoretically expected from its application. For example, the pricing 
mechanism with gradually increasing landing fees over time has drastically reduced the 
access of the smaller regional aircraft and stimulated the access of the larger ones. However, 
on the other hand, such a charging mechanism has never created the marked-based allocation 
of slots among the major airlines operating there. The main reason has been the attractiveness 
of London Heathrow as the destination airport, where these airlines have accepted the higher 
landing fees on the account of saving their places by simply passing these higher costs to their 
passengers though the higher airfares. Currently, the number of allocated slots representing 
the level of demand is close or often above the runway “ultimate” capacity during the whole 
day, the conditions which make no sense for eventually charging congestion during the peaks. 
Consequently, the landing fees have been modified (further increased) to handle such 
situations. 

The additional “hybrid” mechanism of the slot control is the slot auction. This 
mechanism, suggested first by the academic community and accepted later by the slot 
coordinators at some congested airports, implies the multi-level procedure of slot allocation 
reflecting the scarcity of capacity of these airports. In this case, the airlines would lease the 
slots for a given period of time (for example, one or more years), and then be allowed to trade 
with them in the secondary markets, as well as between themselves on a daily basis. The 
administrator, such as for example the US FAA, would operate these markets, collect the 
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funds, and invest in the improvements of the airport capacity. Recently, the FAA has 
introduced this mechanism at the previously HDR airports (Czerny et al., 2007; Elias et al. 
2007). 


7.2.2. The Economic Measures 


Basic Principles 

The main objective of the economic measures for allocation of the airport slots is 
enabling efficiency of their use. This has two aspects. First, it is a choice of a level of 
utilization of the airport capacity, which implies optimization of the congestion and delays. 
The second is allocation of this capacity to the particular airlines and their flights, which 
implies the rationing of the airport capacity by the different pricing mechanisms such as the 
slot auction, congestion pricing, and/or the slot trading in the secondary markets. 

The first aspect is illustrated by the generic case of the homogenous customers, which are 
sensitive to the slot’s price. In this context, the customers are the numerous airlines which 
scheduled their flights at a given airport. The term “homogeneity” implies the equal but still 
not internalized unit cost of delays. Because of the simplicity, save the congestion charges 
that could be introduced, all other costs are neglected (Czerny et al., 2007). Figure 7.1 shows 
this generic scheme. 

The horizontal axis represents the number of slots to be allocated to the demand. The 
vertical axis represents the average cost of delay and the average price of a slot. The 
“ultimate” capacity of a given airport is denoted by Q* (Chapter 5). When the demand Q 
increases, the average delay and the corresponding cost per unit of demand, i.e. a flight, will 
increase according to the curve AC. This curve rises more than proportionally when the 
demand approaches to the capacity O* (Figure 6.11 in Chapter 6). In addition, there is also 
the marginal delay cost curve MC, which lies above the curve AC, and the demand curve D;, 
which is assumed sensitive to the price, i.e. decreasing with the price’s increase, and vice 
versa. The average delay cost of each user is AC and the marginal cost MC, both specified in 
dependence of the demand Q. The marginal cost WC represents the cost of delays, which each 
user imposes on the others at the given level of demand Q. In cases where the marginal cost is 
not internalized, the number of slots can be determined by projecting the intersection M; of 
the demand curve D; and the average cost curve AC on the horizontal axis. This will be the 
demand Q; in Figure 7.1. Otherwise, the optimal number of slots can be obtained by 
projecting the point M; as the intersection of the demand curve D; and the marginal cost 
curve MC, on the horizontal axis. This will be the demand Q; (Q2 < Q7). The demand up to 
the level Q) can be achieved by setting up the slot price at the level p;-c;, which is the 
difference between the curves MC and AC at the intersecting point M2. This is the slot price, 
which could be set up either through an auction or the slot-trading mechanism. This price, 
reflecting the external cost of congestion, will allow all airlines willing to pay for it access to 
the airport, and vice versa. 

In a given context, if the demand changes, the output Q will change too. For example, if 
the demand increases to D2 in Figure 7.1, the optimal number of slots will also increase to Q2, 
which is obtained as the projection of the point M; (the intersection of the demand curve D, 
and the marginal cost curve MC). 
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Figure 7.1. A simplified scheme of the airport slot constraints for the the homogenous users, i.e. the 
aircraft/flights. 


In addition, both the average and the marginal delay cost will increase and consequently 
the vertical difference between the two curves representing the new price of slots p> — cz will 
increase too. This price is higher than the price in the case of a lower demand, which implies 
that when the demand is high, the number of slots will be higher but also their price will be 
higher due to the higher average of both and the marginal delays, of course, if the congestion 
costs are internalized. Consequently, the access to more congested airports will be more 
expensive. Nevertheless, allowing a higher number of slots at the congested airports creates 
more benefits as compared to the increased cost of congestion and delays in any case. This 
may be a reason why the congestion at some slot-controlled airports is higher than at some 
slot non-controlled airports. The number of slots in the above-mentioned context inducing the 
average delay represents the airport “practical” capacity (Chapter 5). 


Congestion Charging 


e Estimation of the Queues 

At airports where the congestion lasts for a longer period during the day, the congestion 
charging mechanism could be applied to regulate the demand’s access. This implies imposing 
the congestion fee on a given aircraft/flights to make them economically unfeasible to arrive 
at a given airport during the congestion period. The effects of the congestion charge can be 
estimated according to the following procedure: i) estimation of queues given the 
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relationships between the demand and the capacity; ii) estimation of the average and the 
marginal delays and their costs; and ii) estimation of the effectiveness of a charge in terms of 
compromising the profitability of the affected flights (Odoni et al., 1997; Janic and Stough, 
2003). In principle, estimation of the congestion charge requires an estimation of the system’s 
marginal delay costs, which consist of the sum of 1) the cost of delay of an additional flight; 
and, ii) the cost of the marginal (additional) delay, which this additional flight imposes on the 
subsequent flights during the congested period (Ghali and Smith, 1995; Hall, 1991). These 
delays can be estimated by using the various, previously developed, analytical and simulation 
models (Chapter 6) (Newell, 1979; Odoni et al., 1997). In these models, congestion is related 
to the time-dependent demand/capacity ratio p(t). At an airport, at time (t), p(t) = A(t)/ult) 
where A(t) is the flight arrival rate (i.e. the demand for service) and u(t) is the capacity (i.e. 
the flight service rate). Different techniques are developed to estimate the dependence of 
congestion and related delays of p(t). One of these, a graphical representation of the typical 
queuing process at the congested facility (an airport) during period T (one day), is shown in 
Figure 7.2. 


(A(T) umulative arnvals; 
te — Queue at time (k+1)At; 
dx- — Delay of the new arrival at time k+1)At; 
r+: — Marginal delays imposed by the new 
arrival at time (k+1)At 
t  - Duration of the peak-congested period 
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Figure 7.2. The queuing process at a congested airport — the cumulative count of aircraft/flights 
(Compiled from: Janic and Stough, 2003). 


The curves 4(t) and D(t) represent the cumulative counts of the flights requesting a 
service and being served, respectively, by the time (t). Since the number of flights in the 
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system is assumed to be large (>> 1.0), both types of counts, actually being the step functions 
of time, can be considered as their continuous (smooth) counterparts. As mentioned above, 
obviously, only the congestion during the period (z) should be internalized since it is able to 
produce delays longer than 15 min. In order to estimate these congestion and delays, let the 
period (z) be divided into K equal increments 4t (i.e. K* At ~ t). Each increment At should be 
sufficiently short in comparison to the period (7) in order to register the changes of congestion 
and delays on the one hand, and sufficiently long to guarantee the independence between the 
cumulative flight arrival and the flight departure processes and their independence during the 
successive increments, on the other. For example, if (t) is the period of several hours during 
the day, At will certainly be a quarter, a half, or an hour. Thus, the functions A(t) and D(t) can 
be treated as the processes of independent increments or the diffusion processes (Newell, 
1982). Under an assumption that the differences between the cumulative flight demand and 
the corresponding airport capacity in (k)-th and (k+J)st time increment At, A(k+1) — A(k) = 
Ax; — A; and D(k+1) — D (k) = Dy+; — Dr, respectively, are considered as the stochastic 
variables with the normal probability distribution, the difference O,,, = A,,, — D}, which 





represents the queue in the (k+J)-st increment Af, will also be the stochastic variable with the 
normal probability distribution (keK) (Newell, 1982). Consequently, the flight queue in 
(k+1)-st interval At, can be approximated as follows (Janic and Stough, 2003; Newell, 1979): 


Qr =O, + Or + Bia =Q + Aga + fy )At + Byn fork =0,1,2,,,,K-1 
(7.1) 


where 
Q; is the queue in the (k)th increment Af; 


Q, is the average queue in the (k+/)st increment Af; 

Ax+ 1s the intensity of flight demand in the (k+1)st increment Af; 

/4+18 the airport capacity (i.e. the flight service rate) during the (k+J)st increment Af; 
B,,, is the anticipated deviation of the actual flight queue (i.e. a “buffer’”’) from its 


average in the (k+J)st increment At. 


As can be seen, the average queue either increases or decreases in accordance with the 
behavior of the relationships Api) >sy+) OF Ak+ı < 4+1. The anticipated deviation B+; in 
expression (7.1) can be estimated as follows (Janic and Stough, 2003; Newell, 1979): 





BPG alt pao all eMC tea O IO ack (7.2) 


where 


a iti: is the average flight inter-arrival and the flight’s service time, respectively, 


in the (k+J)st increment Af; 
Oa%+1°Fax+) 8 the standard deviation of the flight inter-arrival and the flight’s service 


time, respectively, in the (k+/)st increment Af; 
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C is the constant (C = @'(1 -p), where D” is the inverse Laplace function and p is the 
probability that the flight queue in the (k+J)st increment Aft will spill out of the confidence 


interval (Qpa By): 


In expression (7.2), the variance of distributions of the flight inter-arrival and the flight’s 
service time are assumed to be independent in the successive (k)-th and (k+J)-st increment Af. 
As well, in expression (7.1) and Figure 7.2, at the beginning of the period (7), the intensity of 
flight demand becomes equal to the capacity for the first time, and the deterministic queue 
starts to build up. However, this queue joins the queue already built up due to the previously 
dominating “random effects.” The latter queue Q, can be approximated as follows (Janic and 
Stough, 2003; Newell, 1979): 





Qs = Q mnam) = = ! = z |*C/ 4,,)* (dp, / dt) (7.3) 
an Om ice Ta 


where 

m is the index of a time increment At in which the intensity of flight demand becomes 
equal to the demand’s service rate (i.e. capacity) (m €K). 

The other symbols are analogous to those in the previous expressions. 


e Estimation of Delays and Their Costs 
The expressions (7.1)-(7.3) enable estimation of a delay of a flight joining the queue in 
the (k+1)st increment At as follows (Janic and Stough, 2003);: 


drsr = Qpar * (tarir + Bass) = Qr * Peed + Og Ks *@"(1- p)| (7.4) 


where the symbols are as in the previous expressions. 
Expression (7.4) assumes that the flights’ service rate (i.e. the airport capacity) does not 


change during serving the queueQ,,,. From Figure 7.2, the marginal delay, which an 


additional flight arriving during the (k+J)st increment At may impose on all subsequent 
flights until the end of the period (z) can be determined as follows (Janic and Stough, 2003); 


K 
Wray ST- [(k + 1)Aź + dia l= (tarn + Bira) * SIGE, +B, * At= 


l=k+1 


= les Oaka * p” (= p)|* SUE, TOT p` (= p)h«ar 


l=k+1 


(7.5) 


where all symbols are as in the previous expressions. 

Expression (7.5) indicates that the marginal delay imposed by an additional flight on the 
succeeding flights is proportional to the product of its service time (i.e. the airport capacity at 
the time it takes place) and the number of the subsequent affected flights. The diminishing 
airport capacity combined with its increased volatility increases the marginal delays. As well, 
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if the additional flight is scheduled closer to the beginning of the congestion period, it will 
affect more succeeding flights, and consequently impose the longer marginal delays on, and 
vice versa. 

When the additional flight belongs to the group of N;(7) uniformly distributed flights 
scheduled by an airline (i) during the peak period (7) in addition to the flights of the other M-/ 


M 

airlines, i.e. when N (T) = > N,(t) = A(T), the total cost, which this flight will impose on 
i=l 

all succeeding flights can be determined as follows (Janic and Stough, 2003); 


K 
mba = [I = N,(z)/ NO] * ae + Oaa D” d- p)|* Èc, * WE, + o, ®” d- p)|} At 
l=k+1 
(7.6) 
where 
cı is the average cost per unit of delay of a flight scheduled in the (/)-th increment At (in 
the monetary units per unit of time). 


The cost c; may include the aircraft operational cost and the cost of passenger lost (delay) 
time. The other symbols are as in the previous expressions. 

Expression (7.6) shows that the total marginal cost imposed by an additional flight of a 
given airline (i) on the succeeding flights will increase with decreasing of the airport capacity, 
increasing of the capacity’s volatility, and increasing of the number and size (expenses) of the 
affected flights during the peak period. In addition, this marginal cost will decrease when 
increasing the numbers of flights scheduled by a given airline, which has already internalized 
its congestion cost. 


e The Profitability of an Additional Flight 
The congestion charge should also be able to compromise (reduce) the expected 
profitability of an additional flight in order to deter its access to the congested airport. If 


C x z+, 18 the charge and ci .,(N) isthe average cost per unit of time of an additional flight 


of the capacity (n) of a given airline (i) (in the monetary units per unit of time) in the (k+J)-th 
increment Ar, the total cost of this flight can be estimated as follows (Janic and Stough, 
2003); 


Ch pat = ED) * a + dy; |+ Con (7.7) 


where 
ty ,, is the duration of the additional flight of an airline (i) scheduled in the (k+J)st 


increment At 


The other symbols are as in the previous expressions. 
The expected revenues from a given flight can be estimated as follows: 
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et = Piss (L)* Ari [pi (ZL) Nest (7.8) 
where 
p; .(L) is the average airfare per passenger of a new flight of the route’s length (L) 
scheduled by the airline (i) in the (k+J)st increment 4t; 
Ai, ul Di ,(L)] is the expected load factor of a new flight of the airline (i) in the 
(k+1)st increment At assumed to be dependent of the airfare; 


ni ,, 1s the seating capacity of a new flight of the airline (i) in the (k+J)st increment Af. 


This new flight will be unprofitable, if the following condition is fulfilled (Janic and 
Stough, 2003): 


ahve = Ropa ~ Copa = Pint (L) x Aes pia (L)|« Npa = Chn (n) = ae F dia [È Cià <0 
(7.9) 


where all symbols are as in the previous expressions. 
In order to achieve the above condition, the charge C a «+1 Should be slightly greater than 


the maximum value of the expected profits per flight and the cost of marginal delay, the other 
factors being constant. In such a case, the airline will try to compensate for the charge by 
increasing its airfares. However, as can be intuitively concluded, the proportion of increase in 
the airfare will be higher for the smaller-cheaper flights imposing the marginal delay cost on 
the greater number of the more expensive succeeding flights, rather than otherwise. In 
practice, this means that the small regional aircraft intending to operate at the congested 
airport(s) in the morning peak(s) will be penalized more. Consequently, in the case of the 
elastic demand, increasing of the airfares will force some passengers to give up, which will 
additionally deepen the losses and finally discourage a given airline to launch a new flight at 
the intended time. 

In order to demonstrate how an efficient charge could be set up, a given flight is assumed 
to be scheduled to arrive at the congested airport at the time t* (t* €7). If being accepted in the 
queue and then served, this aircraft/flight will impose the marginal delay equivalent to its 
service time on all subsequent flights as follows (Janic and Stough, 2003); 


wea +a’) lAo -di +a’) (1.10a) 


where 

A(T) is the number of aircraft/flights arriving during the congestion period 7, 

A[t'+d(t’)] is the number of aircraft/flights scheduled to arrive by the time /t' +d(t’)/; 

dt) is the delay of a given aircraft/flight scheduled to arrive at time (t )(expression 
(7.4)); : 

i [t«+d(t )] is the airport “ultimate” capacity, i.e., the service rate of the aircraft/flight at 
the time /t'+d(t')/. 
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If the average cost per unit of delay of each succeeding aircraft/flight scheduled to arrive 
after the given aircraft/flight is c(n) where n is the aircraft seating capacity, the total marginal 
costs, imposed on the other succeeding flights can be determined as: 


C =A att’ +a YA) Ar aN (7.106) 


The cost c(n) can include the airline/aircraft operating cost and the cost of passenger 
time. If the congestion charge is set up at the value C,,(¢*), the total social cost of the given 
flight scheduled to arrive at a given airport at time (€) will be: 


C) = e, alen) (7.100) 


where 
tris the average duration of a given flight. 


If the revenue affected by the charge of a given flight is Rit), the charge will be effective 
if it makes this flight unprofitable as follows (Janic and Stough, 2003): 


Ry (t)-C,(t) <0 (7.10d) 


Figure 7.3 shows an example of the total costs burdened by the congestion charge and 
prospective revenues for an aircraft/flight scheduled to arrive at NY LGA airport early in the 
morning, just at the beginning of the congestion period (Janic and Stough, 2003). 

In this example, the flight duration is 2 hours and the seating capacity 150 seats. The 
operational cost not including the cost of passenger time is $US3300. The revenues from this 
flight are $US13680 for the average load factor of 60% and the airfare of $US 152 (The 
horizontal heavy line in Figure 7.3). When the airline does not have any market share at the 
airport, this flight fully burdened by the congestion charge due to the imposing cost of 
marginal delays on all succeeding flights of the capacity of 100 seats will be unprofitable if it 
arrives at any time before 10:00 p.m. However, if the given airline already has significant 
market share, for example, about 85-90%, the given flight will be profitable for any time of 
its arrival independently of the charge. 

These results confirm some concerns that charging congestion may disfavor competition 
at airports by imposing the unacceptably high burden on the new entrants and only a modest 
burden on the airlines already in possession of the high market shares. For the given 
conditions, the charge particularly discourages the flights of new entrants supposed to be 
carried out by the smaller aircraft scheduled to arrive before the larger aircraft earlier during 
the congested period, and vice versa. Consequently, the charge stimulates the use of larger 
aircraft. If scheduled by an airline with already-high market share, the additional flight will 
certainly strengthen the airline market position at a given airport and consequently enhance 
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Figure 7.3. Conditions of the profitability of an additional flight in a given example (Compiled from: 
Janic and Stough, 2003). 


the self-induced congestion. This indicates that the congestion charge can be an efficient 
mechanism of the demand management at the congested airports without domination of the 
single airline or its alliance, which have already internalized their congestion costs. 


7.3. THE TACTICAL AND OPERATIONAL DEMAND MANAGEMENT 


7.3.1. The GHP (Ground Holding Program) 


The GHP (Ground Holding Program) was developed in the US and Europe in the 1980s 
and 1990s as both the tactical and the operational measure aimed to get the aircraft/flight 
airborne delays under control, reduce their costs, and enable more efficient and effective 
utilization of the available airport capacity (slots). The measure is often applied in cases when 
the airport capacity has been significantly affected by the weather. In this context, the cost of 
unavoidable delays are reduced by holding the departing aircraft on the ground at their 
departure airports with the engines switched-off, thus saving the fuel (and the related costs). 
The accompanying measures are usually the aircraft/flight rerouting through a less congested 
airspace and metering, i.e. controlling the spacing between aircraft passing through the 
specific “reference locations” in the airspace. 

In principle, the GHP applies to those airports whose severe overloading is expected for 
several hours during a given day as shown in Figure 7,4. This happens when the arrival 
(landing) capacity of these airports is expected to diminish exclusively due to the adverse 
weather or due to a combination of the other factors. In such case, for example, change of the 
VMC into the IMC requires also a change from the VFR to the IFR, which consequently 
produces the lower arrival capacity causing congestion and delays (Chapter 5). The GDP is 
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specified for each airport and for the current conditions, which implies that several such 
programs can be running simultaneously for the capacity-affected airports during a day. 


Ait) — Cumulative arrivals by time (t) ; 
Dit) - Cumulative arrivals served by 
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Figure 7.4. A scheme of the arrival demand and the capacity requiring application of the GHP (Ground 
Holding Program) to a given airport. 


In general, a given GHP can be the “static” and the “dynamic” one. The “static” GHP 
implies imposing the ground delays of affected flights at the beginning of the period of effect 
of the destination airport’s arrival capacity and maintaining it in place for the time of duration 
of the cause of the capacity’s effect. The “dynamic” GHP implies updating the imposed 
ground delays from time to time using the updated information on the capacity’s effect cause. 
In both cases, the objective is to optimally balance between the cost of delays of the affected 
flights on the one hand, and the utilization of the airport capacity on the other. For example, 
since the cause affecting the arrival capacity may change stochastically over time, the ground 
delays imposed on the affected flights could be too long, thus compromising the full 
utilization of the affected capacity (slots). If the ground delays are too short, the affected 
flights can still be imposed on more expensive airborne delays before landing at the affected 
airport. The imposed delays can last from a few minutes to several hours. In the case of 
extremely long delays, some flights can be cancelled, thus making the slots at the congested 
airport free earlier, which will consequently shorten the delays of the later-affected flights. In 
addition to adapting to the changes of the main capacity-affecting cause, this is an additional 
cause, which makes the “dynamic” GHP superior over the “static” GHP. Last but not the 
least, both types of the GDP should apply the principle of fairness and equality to imposing 
delays on the particular airlines and their flights. However, due to the nature of the entire 
program and the processes it manages, this appears to be almost impossible. 

The generic concept of the GHP is explained for the US airport operating both under the 
IMC (the IFR) and the VMC (the VFR). The concept is based on a scheme in Figure 7.4 and 
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the main parameters of the GHP. As already mentioned, the curve A(t) represents the 
cumulative count of the aircraft/flights scheduled to arrive at the affected airport by time (t) 
according to the original schedule. (Modifications of the original schedule in terms of 
cancelling some flights in advance, i.e. before implementation of a given GHP are not 
explicitly considered). Thus, the curve 4(t¢) is the actual demand curve to which a given GHP 
is to be applied. The intensity of demand at time (t) can be estimated as: dA(t)/dt = A(t). The 
curve D(t) represents the cumulative number of processed aircraft/flights at the airport 
runway system by time (t) under the regular planned conditions, i.e. the VMC and the 
corresponding VFR. This implies that: D(t)=ut, where u is the service rate, i.e. the runway 
system’s landing capacity under given conditions. 

If these conditions, particularly the weather, change and consequently deteriorate the 
VMC into the IMC, the IFR instead of the VFR separations have to be used, which reduces 
the airport landing capacity to 4; (4; < 4). Consequently, instead of remaining 4(t) < u, which 
implies no significant arrival delays, the conditions change to: A(t) > 4, which, if lasts for the 
longer period of time, implies the significant arrival delays. In Figure 7.4, this change 
happens at the time Tọ and it is forecasted to last over the period t. Since this period can 
continue for several hours in which both the scheduled demand and the capacity can change, 
the ATC implementing the GHP usually divides this time into the shorter sub-periods tọ, in 
which both the demand and the capacity are assumed approximately constant. 

This implies that the rather “dynamic” GHP is applied since the decisions are updated for 
each forthcoming sub-period. Implementation of the GHP is assumed to start at the time tg 
when the airborne arrival queue is expected to increase to O(to). The first next aircraft/flight 
joining this queue can expect the delay w;(tọ) supposed to be realized at its origin airport just 
because of the GHP. 

The number of aircraft/flights to be under the given GHP during the period to is estimated 
to be: A(to) = A(to + To) — A(to). The intensity of demand is estimated to be: A(t9) = A(to)/o. 
Consequently, the queue, which the (4)-th aircraft/flight is expected to avoid by the GHP can 
be estimated as follows: 


Q,| to Za-s)-n140] = rn] 0) 2O = CONT A-8,)-H1 09} 


for 1< k < A(T) and te (tosto +7) 


(7.11a) 
where 
ô; is a binary variable, which takes the value “1” if the (7)-th flight is cancelled and the 
value “0”, otherwise. 


The delay of (k)-th aircraft/flight, which is to take place at its origin airport, can be 
estimated as follows: 
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20 Èa- a0 = oji HÈ- -nO 40 (7.11b) 


j-1 


The expressions (7.1la) and (7.11b) assume that both the queue and the delay with which 
the aircraft (k) is confronted may be shortened if some airlines decide to cancel their flights 
scheduled to arrive at the affected airport before the given aircraft. 

The total delay during the sub-period ty is estimated as: 


AZ) 


W,(t))= >, vile 1-8) 60) (7.116) 


If it is assumed that the airport capacity z(t) is correctly forecasted for the period ty with 
the probability p(to) and the capacity u(t) with the probability /1- p(to)/, the total costs of 
delays can be estimated as follows: 


A(T) 


W(t) = X [PE wC a +- pol, (Cg | (7.114) 


k=1 


In expression (7.11d), the symbols Ce and C,, are the costs of a unit of the ground and 
the airborne delays of the flight (k), respectively. Usually, the cost Cex is less than the cost 
Cay- The difference is due to the cost of fuel consumed during the airborne delay before 
landing. It seems reasonable that, under the above-mentioned conditions, the optimal solution 
for the given GHP would be to allocate the ground delays to all prospectively affected 
aircraft/flights. In such cases, their departures would be postponed for the assigned ground 
delays and eventually increased for the prospective en-route delays. However, forecasting of 
the airport capacity at the affected airport is usually carried out with a certain probability. 
Thus, a risk always exists either to maintain the aircraft/flights too long on the ground and 
consequently not use the eventually available slots at the affected airport, or to allow them to 
depart earlier and consequently be faced with the airborne delays. In addition to the practical 
applications in the US and Europe, the GHP has also been the subject of intensive academic 
investigation looking for the optimal trading-off between the ground and the airborne delays. 
At the same time, this investigation tried to optimize utilization of the available airport 
capacity under the generally stochastic and uncertain conditions (Andreatta and Romanin- 
Jacur, 1987; Bianco and Bielli, 1992; Odoni et al., 1997; Richetta and Odoni, 1993, 1994; 
Richetta, 1995; Terrab and Odoni, 1993; Vranas et al., 1994). 


7.3.2. Optimization of Utilization of the Runway Capacity 


Background 

At congested airports, a sophisticated on-line allocation of the capacity of a given runway 
system to particular types of the atm, arrivals and/or departures, simultaneously requiring a 
service can enable minimization of the cost of their total delays during a given congestion 
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period(s). Minimizing the cost of delays also implies maximizing the utilization of the 
available runway system capacity. Allocation of the capacity is carried out according to the 
specified criteria in the scope of tactical ATFM using the appropriate optimization tool based 
either on the linear and/or integer programming or on some heuristic algorithm(s) with the 
equivalent capabilities. In this section, one among the heuristic algorithms is described. 
(Gilbo, 1993; 1997; Janic, 2007) 


Structure of the Heuristic Algorithm 

The heuristic algorithm consists of four components: i) the objective function summing 
up the total cost of the arrival and the departure delays to be minimized; ii) the arrival and the 
departure demand, i.e. the aircraft/flights, to be served; iti) the airport runway system capacity 
envelope(s); and iv) the heuristic criteria (rules) for allocation of the airport capacity aiming 
at minimizing the objective function under the given circumstances. These inputs are 
specified over a given (congestion) period in dependence of time (Janic, 2007). 


e The Objective Function 
The objective function to be minimized during a given period of time T can be expressed 
as follows (Gilbo, 1997; Janic, 2007): 


T 
Cr = fle. OLO +e, (90,0 (7.122) 
0 


where 

Cr is the total cost of delays of the arrival and the departure aircraft/flights during the 
period T ($); 

C(t), Ca(t) is the average cost of a unit of the arrival and the departure delay, respectively, 
at time (t) ($/time unit); 

Q.(), Qt) is the arrival and the departure queue, respectively, at time (£) 
(aircraft/flights); 


In expression (7.12a), the queues Q,(t) and Q,(t) are registered after each time increment 
At as follows: 


0,1 = max 0: O, (t — Ar) +[a(t) — u(t))Ar} 


(7.12b) 
and 
QO =max{0:0,(¢ — AD +[d —vO Kv] 
(7.12c) 
where 
Q,(t-At), 


Q,(t-At) is the arrival and the departure queue, respectively, at the time (t-At) 
(aircraft/flights); 
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a(t), d(t) is the intensity of the arrival and the departure demand, respectively, at the time 
(t) (aircraft/flights per unit of time); 

u(t), v(t) is the arrival and the departure service rates, i.e. the capacities, respectively, 
allocated to the corresponding demand, respectively, at the time (t) (aircraft/flights per unit of 
time); 


In the expression 7.12 (a, b, c), the departure queue Q,(t) takes place at a given airport. 
The arrival queue Q,(t) may take place in vicinity of a given airport, in the relatively remote 
airspace from a given airport or at the aircraft/flight originating airports if the above- 
mentioned GHP (Ground Holding Program) is applied (Terrab and Odoni, 1993). In this last 
case, the cost of a unit of the ground-held delays is usually considered as lower than or at 
least equal to the cost of a unit of airborne delays, i.e. cg(t) < ca (t) (ITA, 2000). 


e The Airport Runway Capacity Envelope 

The arrival and the departure capacity u(t) and v(t), respectively in the expression (7.12 b, 
c) generally depend on each other, i.e. v(t) = ffu(t)/. They can be determined from the 
capacity envelope under conditions of alternating an uneven mix of the arrival and the 
departure aircraft/flight demand (Gilbo, 2003; Janic, 2007). 


e The Capacity Allocation Criterion 

The heuristic criterion for allocation of the airport runway capacity uses an analogy from 
the priority queuing systems (Winston 1994). In this case, this implies minimizing the 
differences between the rate of inflow and the rate of outflow of the aircraft/flight delay costs 
at any time (t), which in turn should lead to minimization of the objective function (7.12a) 
over the period T (Janic, 2007). The rate of inflow of the delay costs at the time (t) being 
ultimately “out of control” of the ATC/ATM operator is expressed as follows: 


R (t) =, (t)[O, (t) / At + a(t)]+¢, (Ol; (t)/ At+d(t)] [$ac/min*] 
(7.13a) 


Similarly, the rate of outflow, i.e. “expulsion” of the delay costs at the time (t) is 
expressed as follows: 


Ria (t) 7 Ca (Hu(t) + Ca ObLO [Sac/mirr ] (7.13b) 


Consequently, minimization of the difference between expression (7.13a) and expression 
(7.13b) can be achieved by maximizing expression (7.13b), which “under control” of the 
ATC/ATM operator implies selection of a pair of the interrelated capacities u(t) and v/u(t)] 
from the given capacity envelope (Janic, 2007). This is carried out by synthesizing the 
“capacity vector” S, from the capacity envelope whose elements are the arrival and the 
departure capacities as follows: S(t) = tu jO;v iu; Ol for je J; (Ji is the number of selected 


pairs of the capacity values at time (t)). Using the information on the current arrival and 
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departure queues Q,(t) and Q,(t) from the expressions (7.12 b, c) and the “capacity vector” 
S(t), the vector 6,(t) is calculated as follows: 


9 =| c, OA Atu AH c,(O1O, (0 /At—-v,[u,(O] | for jeJ, 
(7.130) 


The arrival and the departure capacity, which minimize the vector &(t) are selected, and 
the arrival queues and delays and their costs calculated. The procedure is repeated until the 
end of period 7 (Janic, 2007). 


Application of the Algorithm 


e Input Data 

The proposed algorithm is applied to the traffic situation at the US ORD (Chicago 
O’Hare International Airport), one of the world’s busiest airports (FAA 2002). The input 
consists of the airport layout indicating a typical pattern of the runway system use, the 
corresponding capacity envelope for the VMC (VFR) and the arrival and the departure 
demand both synthesized for each 15min periods of the period of 3 hours, and the cost of a 
unit of the arrival and of the departure delay.The self-explanatory Figure 7.5 (a, b, c) shows 
these inputs, i.e., the airport layout, the runway system capacity envelope, and demand during 
a given period of time, respextively (FAA 2004; Gilbo 1997; Janic, 2007). The average cost 
of a unit of the departure and/or of the arrival delay is generally taken in the relative terms as: 
Ca = Ca= 1.0, which implies application of the GHP. 


e Results 

The results from this heuristic model and from the benchmarking linear and the integer 
programming models, all using the above-mentioned input, is given in Figure 7.6 (a, b) 
(Gilbo 1997; Janic, 2007). The queues, delays and the associated costs are calculated for 15- 
min intervals over the given period of 3 hours. Specifically, Figure 7.6a shows dependence 
between the allocated arrival and departure capacities to demand during 15-min intervals of 
the period of 3h. As can be seen, both capacities obtained from both models are very similar, 
in many cases identical, and consequently highly correlated. Figure 7.6b shows dependence 
between the queues and delays obtained by the above-mentioned allocation of the arrival and 
departure capacity. Again, the values obtained from both models for each 15-min interval of 
the period of 3h are very similar and highly correlated. 

The heuristic algorithm has produced the total of 146x15 min of the arrival delays as 
compared to 143x15 min of these delays in the benchmarking model, and 77x15 min of the 
departure delays as compared to 77x15min of these delays in the benchmarking model. The 
average arrival delay has amounted (146x15)/278 = 7.9min in the proposed heuristic 
algorithm and (143x15)/278 = 7.7min in the benchmarking model. The average departure 
delay ihas been (77x15)/229 = 5.04min in both models. In addition, the sum of the total 
arrival and the total departure queues/delays (and consequently the delay costs) over the 
period of 3h has been negligibly greater at the proposed heuristic algorithm (223 cost-delay 
units) than at the benchmarking model (220 cost-delay units), i.e. for about 1.4 %. 
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Consequently, the algorithm has shown to be a promising alternative for minimizing the costs 
of delays at the congested airports under the given circumstances. In addition, it has also 
appeared to be closer to the rule of thumb, i.e. the current practice of the ATC/ATM 
operators. 
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Figure 7.5. The inputs in the given example of the ORD (Chicago O’Hare International) airport (FAA, 
2004, Gilbo, 1997; Janic, 2007). 
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Figure 7.6. Relationship between the allocated capacities by the heuristic and optimization model in 
given example optimal (Compiled from: Gilbo, 1997; Janic, 2007). 
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7.3.3 Prioritizing the Aircraft Operations 


The Current Rules 

Currently, at congested airports, the aircraft/flights are served according to the FCFS 
(First-Come First-Served) priority rule, i.e. according to times of their arrivals. Under such 
conditions, the “ultimate” capacity of the runway system under condition of the constant 
demand for service is usually estimated as in the expressions 5.1-5.4 in Chapter 5. In addition, 
given the locally agreed average delay per atm, this capacity influences the number of hourly 
slots to be allocated, i.e. the “practical” capacity, and consequently the maximum demand to 
be accommodated at the airport under given conditions (Janic, 1997). 


Possible Benefits of Introducing Priorities 

The above-mentioned “practical” capacity guarantees the average delay per atm, and 
consequently the total delays and related costs for the given volume of demand. One of the 
options to reduce these delays and costs is to increase the “ultimate” capacity. This could 
eventually be achieved by introducing the priorities (PR) in serving particular aircraft types 
(classes) instead of using the current FCFS rule. In such a case, expression (5.4) in Chapter 5, 
can be transformed as follows (Janic, 2009): 


karieri pet (7.14) 


where 
T is the period of time; 


t is the minimum average time between the successive atm (air transport movements) 
at the “reference location” where they are counted (either the FAG (Final Approach Gate) or 
the runway landing threshold); 

i is the index of the aircraft type; 

pi is the proportion of the aircraft types (i) in the arrival mix; 

ti is the minimum time separation at the “reference location” for two consecutive 


arrivals/departures of the same speed category (i) (t; =0,,/V,; where & is the 


minimum ATC distance-based separation interval between the two successive 
aircraft of the speed category (i) (Table 5.1 in Chapter 5); v; is the average approach 
speed of the aircraft (i). 

N is the number of different aircraft types in the mix. 


Expression (7.14) implies that the arriving aircraft are clustered into the clusters of the 
same aircraft type(s), which are then served sequentially after each other. The order of their 
serving does not influence the overall service rate, i.e. the “ultimate” capacity. 

Using the above-mentioned data on the ATC/ATM separation rules (Table 5.1 in Chapter 
5), the aircraft approach speeds, and the length of the final approach path, the service rates for 
the FCFS (expression (expression 5.4 in Chapter 5), and for the PR rule (expression 7.14) are 
calculated for the arrivals on the single runway. In addition, the ratio between the service 
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rates, i.e. the “ultimate” capacities for the PR and the FCFS rule is estimated and shown in 
Figure 7.7 (a, b) (Janic, 2009). 
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Figure 7.7. Absolute and relative difference in the service rates of a single runway for the FCFS and PR 
service rules applied to the landing aircraft (Compiled from: Janic, 2009). 


As can be seen, the service rate, i.e. capacity, of both service rules decreases when 
increasing the proportion of the Heavy aircraft in the mix. Specifically, if there is 10% of the 
Small aircraft in the mix, the service rate, i.e. capacity, is higher at the PR than at the FCFS 
tule for about 7-21% depending of the proportion of Heavy aircraft. If only the Large and the 
Heavy aircraft are in the mix, this difference ranges from zero to about 15%, and it is highest 
if there are 50% of the Heavy aircraft in the mix. In both cases, this difference is the greatest 
if the proportion of Heavy aircraft in the mix varies between 40% and 60%. At most large 
airports, this proportion amounts up to about 20-25%. This implies the potential difference in 
the service rate, i.e. the capacity, of about 10-15% if the PR rule instead of the FCFS rule will 
be applied. Consequently, it appears that prioritizing the aircraft landings could bring more 
effects in the cases of a higher heterogeneity of the aircraft fleet mix, then otherwise. 
Regarding the above-mentioned obvious differences in the runway service rates for the 
different service priority rules, the overall potential benefits can be estimated after 
considering a scheme of typical congestion at a single arrival runway in Figure 7.8 (Janic, 
2009; Newell, 1979). 

As can be seen, the cumulative demand curve A(t) exceeds the cumulative capacity curve 
D,(t), which is based on the constant service rate, i.e. the “ultimate” capacity u; as the 
outcome from the FCFS priority rule during the congestion period 7;. Similarly, the curve A(t) 
exceeds the capacity curve D>(t) based on the constant service rate 4 as the outcome from the 
PR rule during the congestion period 7, (expression 7.14). As Figure 7.8 shows, for the given 
A(t), it will be 4 < 4 and consequently t; > t2. This indicates that the increased service rate 
shortens the peak period and thus enables savings in the total delays (shaded area in Figure 
7.8). These delay-savings are estimated as follows (Janic, 2009): 


SD(z,) = (1/2)[A@,) - AGP 4 - 1/1 = 0 200N PT 4-1/4] (7-15a) 
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Figure 7.8. A typical queuing situation at a congested airport runway (Compiled from: Janic, 2009). 


Expression (7.15a) indicates that the total delay-savings increase with the square of the 
number of aircraft involved in the congestion period and in proportion to the difference in the 
reciprocals of the service rates, i.e. the “ultimate” capacities, obtained for particular service 
disciplines. In addition, from expression (7.15a), the average delay-savings per an aircraft are 
estimated as follows (Janic, 2009): 


SD(z,) = SD(z,)/N(z,) = A/ DINT 4 = 1/4] (7.15b) 


The above-mentioned delay-savings of an individual aircraft increase in proportion to the 
product of the number of aircraft involved in the congestion period and the difference in the 
reciprocals of the “ultimate” capacities of the two different service priority rules. The 
additional advantage of shortening of the congestion period for the time (tz=t;) implies 
relieving the additional slots for the additional aircraft/flights. Consequently, the total effects 
of introducing the PR rule instead of the FCFS rule could be estimated by putting the 
monetary values on both effects, i.e. the overall delay-savings and the overall benefits from 
the additional flights. 

The priorities to particular aircraft categories (classes) can be assigned according to the 
different criteria. Some of them are the aircraft operating cost per unit of time reflecting the 
cost of delay, the value of time of the passengers on board, the losses of profits from the 
flights beyond the given prioritized flight due to delays, and the cost of the environmental 
impacts (Janic, 2009). 
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However, despite being obviously more effective, the prioritization of aircraft at the 
congestion airports is not a part of the current practice. Nevertheless, some discussions have 
been underway such as those by the NYARC (New York Aviation Rulemaking Committee), 
which has discussed pros and cons of particular options for introducing priorities at the three 
largest New York’s airports, LGA, JFK, and EWR. These options have been: i) setting aside 
the specific capacity allocation to the aircraft, which meet the technical criteria, 11) priority 
assignment in advance, and iii) enabling the access exclusively to the scheduled commercial 
aircraft/flights. The first implies restriction of the access to the not-properly equipped aircraft 
during the congestion periods since they require the increased ATC separations and thus 
reduce the throughput. The second implies assigning priorities to particular aircraft/flights in 
advance as a part of the ATFM (Air Traffic Flow Management) program according to criteria 
such as the aircraft size and the airline operating a flight. This would also be included 
providing that the selected flights of particular airlines are delay-free. The last implies 
enabling the access only to the commercial flights during a given (congestion) period 
(NYARC, 2007). 


Some Conditions for Implementing the Aircraft/Flight Prioritizing 

At present, at most airports, the landings are always prioritized over the take-offs on the 
runways operating in the “mixed” mode, i.e. accommodating them both simultaneously. 
When serving the same type of atms, either the landings or the take-offs are carried out 
according to the FCFS rule. The prioritizing of the particular aircraft classes carrying out the 
same type of operations could eventually be considered if the necessary market-policy and the 
operational conditions were completely fulfilled. In addition, the convenient algorithm for 
assigning the priorities at the tactical and the operational level as the ATC decision-support 
tool needs to be developed (Janic, 2009). 


e The Market-Policy Conditions 
The necessary market-policy conditions for introducing the aircraft prioritization at 
congested airports can be as follows: 


e An airline and/or its alliance should have a pre-dominant number of slots at a given 
airport during a congestion period. This would diminish the possible discrimination 
between the airlines since it is assumed that a given airline and/or its alliance’s 
partners have already internalized their total delays and the related costs. Under such 
circumstances, prioritizing of their flights could contribute to decreasing the overall 
delays and their costs. Thus, the concept could become acceptable for the airlines and 
their alliance’s partners, the airport operator, and for the local ATC/ATM. Some 
statistical analyses have shown that these conditions have been fulfilled at some large 
European and US airports (Table 9.1 in Chapter 9 shows the example for some large 
European airports). In addition, in the US’ 30 busiest airports, in the year 2007, the 
average share of the first dominant airline was about 43% (the standard deviation 19 
%). The average share of the second dominant airline was about 17% (the standard 
deviation 7%) (RITA2007). 

e The aircraft fleet using the same runway(s) should be heterogeneous in terms of the 
aircraft wake vortex categories, which implicitly implies the distinctive aircraft size 
(the number of seats, the MTOW, the operating cost, etc.) and consequently the 
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distinctive unit cost of delays. For example, at the large European airports (Table 
9.1), the aircraft fleet mix during the peaks coinciding with the “waves” of the 
incoming and the outgoing mutually-connected flights consists of about 15-20% of 
Heavy, 70-75% of Large, and 10% of Small aircraft, thus making their prioritization 
during the landings and the take—offs at the same runway(s) sensible. If the cost of 
delay is a criterion, the larger aircraft will be prioritized, which in turn will stimulate 
increasing the aircraft size on the one hand, and the abandoning of some of the 
particularly thin markets on the other. The criteria with unclear advantages could also 
be to assign the higher priorities to the more conveniently equipped aircraft, and/or to 
the specific aircraft/flights of particular airlines. The latter implies that each airline 
would be given some number of flights during the specified periods of time (for 
example, one hour) with an absolute priority, and thus free of delays (NYARC, 
2007). 


e The Tactical/Operational Conditions 
The tactical/operational conditions, which need to be fulfilled for prioritizing the aircraft 
operations at the congested airport runway, can be as follows (Janic, 2009): 


e The priorities should be able to be assigned under both the IMC (the IFR) and under 
the VMC (the VFR). In the latter case, the ATC would take over the full 
responsibility for allocating the priorities to particular aircraft classes in addition to 
the assistance in monitoring their separation; 

e Assigning priorities would be carried out exclusively at the tactical/operational level. 
This implies planning, by the airport local ATC (ATM), clustering, and sequencing 
of the particular aircraft clusters according to assigned priorities during the period 
from few hours (tactical) to the period of one or of a half of an hour (operational), in 
advance; 

e The aircraft of particular priority classes would be assigned the dedicated TMA 
(terminal airspace) entry/exit points/gates, and consequently the dedicated 
arrival/departure trajectories. However, if the different clusters of arriving aircraft 
were assigned the same TMA entry point, the higher priority one(s) would always be 
assigned the lower entry altitudes. Similarly, the departing aircraft could be clustered 
while still being on the apron parking gates/stands. 

e The assignment of particular TMA’s entry/exit gates could also be carried out 
according to the various criteria. For example, one of them would be allocating the 
entry/exit gate closer to the FAG (Final Approach Gate) of the landing runway or the 
closest take-off runway to the larger aircraft, respectively. In turn, this would enable 
the shortest approach trajectories through the TMA for the former and the shortest 
taxi-out time for the latter group of the aircraft/flights. In addition, the same cluster 
could be assigned more than one of the TMA’s entry gates. If the holding pattern is 
needed, what usually happens, this would require the additional airspace, which 
around some already congested airports could be a problem. 

e Prioritizing the aircraft operations should not impose the additional delays and 
consequently compromise the airline schedule(s). Once being informed and agreed 
about the procedure, the airlines should include these delays into their schedules. 
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This particularly relates to the delays imposed on the lower priority aircraft, which at 
least should be predictable and controllable. 

As soon as any two aircraft from the different clusters request a service at the same 
or nearly at the same time, the one with the higher priority will be served first 
independently of the actual time of its arrival, 


Operationalization 


The operationalization of prioritizing the aircraft landings/take-offs in congested airports 
implies developing an algorithm, which particularly in cases of the arrivals, could be 
considered as a part of the system such as the CTAS (Centre/TRACON Automated System) 
and its components such as the DA (Descent Advisor) and the FAST (Final Approach 
Spacing Tool). The algorithm should take into account the following facts (Janic, 2009; 
Robunson et al., 1997): 


Since the prioritizing practice departs from the current FCFS practice; it should not 
create additional (if not diminishing existing) ATC controllers’ workload. In 
particular, this is the case because clustering and assigning the dedicated TMA’s 
entry/exit points/gates and the related arrival/departure trajectories to the different 
aircraft clusters eliminate the potential overtaking conflicts in the arrival/departure 
sequences of the type “slow”- “fast”. In addition, merging the arriving aircraft from 
the different clusters at the FAG becomes simpler because particular clusters are 
allowed at the FAG of the same runway after each other. In this case, the last aircraft 
from the higher priority cluster is only merged with the first aircraft from the lower 
priority cluster, and vice versa; 

The algorithm will be applied only if the aircraft from particular clusters have the 
same or nearly the same ETAs (Estimated Arrival Times) at the FAG of a given 
runway, which implies that the demand will certainly exceed the available runway 
capacity. The analogous reasoning applies to the departing aircraft/flights; 

If only the total delays are of interest, the order of serving particular clusters is not 
relevant as shown in Figure 7.8. However, if the total cost of delays is the main 
criterion, this order becomes the most relevant. 


Possible Effects 


In addition to the gains in the runway service rate, i.e. the “ultimate” capacity, and 
consequent reduction of the overall congestion and delays for a given demand, the prioritizing 
of the aircraft operations at the congested airports could have several other (positive) effects 
as follows (Janic, 2009): 


At the slot regulated airports, it could initiate some other rules for allocation of slots 
and consequently the level of “practical” capacity and the associated average delays; 
If consequently applied to the prioritizing of the larger aircraft, the rule could 
stimulate increasing the aircraft gauge (i.e. the average aircraft size) and discourage 
the access of the smaller aircraft similarly as charging congestion. Overall, the 
smaller aircraft could be really discouraged to access or, otherwise, be “penalized” 
by the long delays (Czerny et al., 2008; Donahue et al., 2008). 
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Modeling Prioritized Operations at Congested Airports 
Modelling the prioritized operations at the congested airports is based on the following 
assumptions: 


e The runway system operates as a server processing the aircraft/flights as customers in 
a given queuing system; 

e Congestion at a given airport runway(s) created by the demand exceeding the runway 
*ultimate” capacity for a given period of time persists; 

e The aircraft can be classified into different priority classes according to clear 
(transparent) criteria; 

e The operational and institutional conditions for prioritizing aircraft landings, 
including the overall consensus on the implementation of the PR rule in practice 
between the airlines involved, the ATC, and the airport itself, are fulfilled; 


e The Basic Structure of the Model 

The structure of the model implies developing expressions for estimating queues, delays, 
and related costs for particular differently prioritized categories (classes) of aircraft that 
request landings on a congested airport runway. In addition, the criteria for dynamically 
assigning priorities at the local scale, which enable minimization of the total cost of delays of 
all aircraft, are set up. Thus, referring to FIGURE 2, the queue of aircraft at time (t) during the 
congestion period q; (t €t;) can be estimated as the vertical difference between the cumulative 
aircraft counts A(t) and D;(t) or D2(t), i.e. Of) = 4t) — Dıt) or Qı) = A(t) —D2(t). The delay 
of an aircraft joining the queue Q(t) at time (t) can be estimated as the horizontal distance 
between the two cumulative aircraft counts, which can be made as: w(t) = O(t)/u or wi(t) = 
Q;(t)/tm [10]. The above-mentioned queue consists of aircraft belonging to the different 
priority classes. They are distinguished in terms of the aircraft service times during landings, 
depending on: the separation distances in TABLE 1, the average approach speeds, and the 
corresponding cost of delays. Consequently, particular aircraft categories appear as rather 
homogenous, which makes their serving according to the FCFS priority rule reasonable. In 
addition, the cost of delay for each aircraft category increases linearly with duration of delays. 

In order to estimate queues, delays, and related costs of particular aircraft categories, the 
above-mentioned aggregate curves of the cumulative counts in FIGURE 2, A(t) and D(¢), are 
disaggregated by splitting them into the separate curves for P distinct aircraft categories 
(classes), i.e. i = /,2, .., p,.. P. In this case, a higher value of (p) implies a higher priority rank. 
In addition, congestion period t; = T is divided into shorter time windows At. Then, based on 
the analogy in Figure 7.8, the queue of aircraft of priority class (p) awaiting to land on the 
congested runway during time window (Aft,) can be estimated as follows (Newell, 1979): 


Att, (At) 


At, [ ] 
Qpr = max 0:0, 4 + f Ap (tat — f Hp Odi (7.16a) 


The corresponding total delays of the aircraft of priority (p) during the time window (At) 
from expression (7.16a) are estimated as: 
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Aty—tp (Aty )] 


Wyn =f O, Ordi = max sf o,a +2, (Ohare fy, tae} 7-160 


where 
Opvx-1) 1S the queue of the aircraft of priority class (p) remained from time window Aty.1); 
Q, is the queue of the aircraft of priority class (p) in time window (Aty); 
Apxtt) is the intensity of arrivals of aircraft of priority class (p) at time (t); 
p(t) is the average service rate of an arriving aircraft of the priority class (p) at time (t); 
At;) is a part of the time interval (Az) in which higher priority aircraft classes than aircraft 
class (p) are served. 


In the expressions (7.16a-b), the time 1,(At,) can be determined as follows: 


At, 
P Quanti A,@)dt 
T (At, ) = max} 0; ` sa | (7.16c) 


i=p+l Liik 





where all symbols are as in the previous expressions. The expression (7.16c) implies that the 
aircraft remaining from the previous interval(s) and the newly arrived aircraft, both of a 
higher priority class than the aircraft class (p), are served during the time window (At) before 
the aircraft of priority class (p). Consequently, it may happen that none of the aircraft of class 
(p) is served during time window (At,), i.e. if the condition: Af, - Tp(At;) < 0, is satisfied. 
Under such circumstances, some aircraft of the class (p) may “cascade” from one time 
window Af, to the others, without coming into the required order for service. This could make 
their delays and related costs unacceptably high and consequently result in their deciding not 
to access the airport at all during the congested period. 

One of the criteria for assigning priorities implies minimizing the total cost of delays of 
all aircraft classes during the congestion period. In such a case, the dynamic priority function 
for each aircraft class at the beginning of each time window (Af,) is defined. For aircraft 
priority class (p), this function for the time window (Af,) can be written as follows (Janic. 
2009). 


Foie =C pit Wo Hike 4 (7.17a) 


where 
Cp/k(Wp) is the cost of a unit of delay of an aircraft/flight of priority class (p), requesting 
service in time window (At), which depends of the accommulated delays (wp). 


The other symbols are the same as those in the previous expressions. 

The function f,, in the expression (7.17a) indicates that, in a given time window, the 
higher priority rank will always be assigned to the aircraft class with the higher rate of 
“expulsing” delay costs. In addition, it implies that the cost of delay increases linearly with 
the duration of delay for all aircraft/flight classes. Consequently, if fx > fix, aircraft of class 
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(p) will be assigned a higher priority than aircraft of class (r), and vice versa. In general, the 
priority function fp% can be easily modified to take into account the other characteristics of 
particular aircraft/flight categories (classes) such as duration of a given flight, the available 
time to the next flight by the same aircraft, the aircraft turnaround time, a proportion of 
transfer passengers on board, the airline in charge of a given flight, and the unit cost of 
externalities in terms of noise and air pollution if they are internalized. However, in this 
particular case, it is assumed that the unit delay cost cp% (wpa) generally includes the unit cost 
of aircraft/flight delays w,, and the unit cost of passenger time. The delays w,, may include 
delays, which the aircraft (p) has accumulated during the previous flights, i.e. before arriving 
at the given congestion airport at time window (At,), and delays expected on the forthcoming 
flights. The unit cost of delays wyx, Cox (Wp Spx) depends of the airline’s operating cost for a 
given aircraft size (p) (1.e. seating capacity), and the cost due to losses of revenues from the 
passengers given up from particular delayed flights. The unit cost of passenger time depends 
on the number of passengers onboard a given flight and the value of their time. Consequently, 
the unit cost cp (Wp) in expression (7.17a) can be estimated as follows (Janic, 2009): 


Cok Wp) z Cai (Wpro Sp) + ByiY nik p (7.17b) 


where 

Sp is the seat capacity of an aircraft/flight of class (p) (seats); 

x iS the unit value of passenger time while being onboard of the aircraft/flight class (p) 
during time window (At;) (the monetary value per unit of time per passenger); and 

Wp iS the average load factor of an aircraft/flight of the priority class (p) when requests 
service during time window (Aty). 


In general, quantifying the priority function fp% in expression (7.17a) needs to carried out 
at the tactical level in advance, but not later than the beginning of each time window (At,). 
This implies that the minimization of the total cost of delays at the local scale over successive 
time windows, enables the global optimum to be achieved over the entire period 7. 


Application of the Model 


¢ Input Data 

The model has been applied to the traffic scenario at London Heathrow (UK), one of the 
largest European airports, using “what-if” reasoning. The latter means that the access of 
demand, 1.e. aircraft/flights, to the airport has been unconstrained, i.e. there has been no cap 
on the number of available slots, as it is the case at present. In addition, a consensus among 
actors on applying prioritization has assumed to be achieved, which, again, is currently not 
the case. These two elements have been used to create the hypothetical conditions in which 
the above-mentioned model could be applied. 

The airport is a hub of Oneworld alliance (see Table 9.1 in Chapter 9). The fleet consists 
of 35% Heavy and 65% Medium aircraft (ACI, 2007). According to Table 5.1 in Chapter 5 
and other related data, which coincide with the current situation at the airport, the average 
service time (//;) amounts to 96s for Heavy and 83s for Medium aircraft, independent of the 
time of a day. 
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The unit cost of marginal delays implying both primary and reactionary delays are 
estimated depending on the aircraft size as follows: C,(S) = 0.10S — 0.167 (€/min), (R? = 
0.92), where S is the aircraft size (seats) (40 < S < 450) (EEC, 2005; GRA, 2004). In this 
case, Heavy aircraft have an average capacity of S; = 275, and Medium aircraft a capacity of 
S2 = 150 seats. The corresponding average load factors are assumed to be: w; = 0.80 and y = 
0.65, respectively. The average value of time for an average passenger using both categories 
of aircraft is assumed to be a@ = €39/min/pass (EEC, 2005; GRA, 2004). The loss of revenues 
of both aircraft classes on the succeeding flights has not been considered due to the lack of 
the relevant data. Consequently, the average unit delay cost has estimated to be: cy = 
€3817/min for a Medium and cz,= €8607/min for a Heavy aircraft. The daily pattern of the 
cumulative count of the unconstrained arrival demand and the cumulative counts of the 
serviced demand according to the FCFS and the PR rule are shown in Figure 7.9 (ACL, 2007; 
Janic, 2009). The arrivals of both aircraft categories are uniformly distributed during each 
time window (hour) of the congestion period. In addition, as can be seen, if the demand was 
not constrained, it would exceed the airport’s available capacity over the entire day 
independent of the applied service priority rule. 


800 : 
— Demand 
meee Capacty-FCFS 
700 m 4m Capacty-PR 
600 
500 
400 


300 


Time during the day - hours 





4 6 8 10 12 14 16 18 20 22 24 
Cumulative aircraft count 


Figure 7.9. Cumulative aircraft/flight counts at London Heathrow airport during a summer day 2007 
(Compiled from: Jaic, 2009). 


e Results 

The results from the experiment with the model are shown in Figure 7.10 (a, b). 
Specifically, 
Figure 7.10a shows changes of the aircraft/flight queue if the two priority service rules were 
to be applied. As intuitively expected, the queue with the FCFS rule was much longer than 
the queue with the PR rule. For both rules, the queues grew in line with increasing demand 
and reached their maximum at about 8 pm: 110 aircraft/flights by the FCFS rule, and 55 
aircraft/flights by the PR rule. Thanks to the GHP, these queues could be anticipated at the 
aircrafts’ originating airports, before their departures. Therefore, the advantages of the 
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eventual application of the PR rule under the given circumstances are obvious. In addition, 
after integrating the areas below both curves and dividing them by the number of affected 
aircraft, the corresponding average queues were estimated for 75 aircraft/flights for the FCFS 
rule and 35 aircraft/flights for the PR rule. 
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Figure 7.10. The aircraft/flight queues and the cost of delays for different service priority rules applied 
to London Heathrow airport (Compiled from: Janic, 2009). 


Figure 7.10b shows the cost of delays for both the FCFS and the PR rule, developed over 
time. In the case of the FCFS rule, the delays and related costs consist of those of a mixture of 
Heavy and Medium aircraft. In the case of the PR rule, only Heavy aircraft were permanently 
prioritized and did not have to wait for service at all. Consequently, Medium aircraft had to 
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queue and suffered from delays and related costs. As can be seen, in both cases, the delay 
costs including the costs of passenger time as the dominant component amounted to millions 
of Euros. The maximum delay costs occurred at about 8 pm when the queue was longest. In 
the case of the FCFS rule they amounted up to about €17 million; in the case of the PR rule, 
they amounted to up to €6 million. In addition, the average delay per an aircraft joining the 
queue at any time during the congestion period was about 1.4 h for the FCFS rule and about 
0.7 h for the PR rule. Furthermore, the average cost of delay based on the average queue 
amounted to €196/min for the FCFS rule and €92/min for the PR rule. 

The results show that introducing priorities in the given case enables considerable savings 
in aircraft delays and related costs. The results also confirmed that prioritizing the aircraft 
arrivals can only be beneficial if applied to a heterogeneous aircraft fleet consisted in this case 
of Heavy and Medium-sized aircraft, if the objective was to minimize (reduce) the overall 
delay costs. A consensus on introducing priorities as beneficial for all aircraft involved in the 
congestion but with simultaneous “discrimination” against particular aircraft categories was 
implicitly assumed as the necessary condition. Consequently, if consistently applied under the 
specified conditions, prioritizing could act similarly to a congestion charging measure by 
deterring the access of smaller aircraft and stimulating an increase in the average aircraft size. 
An alternative that could be considered would be to have priority criteria of an essentially 
administrative character. An example at NY LaGuardia airport reflects the case when the 
prioritizing is considered to be based on the purely economic criteria, However, this seems to 
be inefficient primarily due to a rather homogenous aircraft fleet. 
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Chapter 8 


MATCHING THE AIRPORT CAPACITY 
TO DEMAND IN THE LONG-TERM 


8.1. INTRODUCTION 


Matching capacity of a given airport to a growing demand in the long-term usually 
implies a physical expansion of infrastructure in the airport airside and landside area. In the 
airside area, this is usually a new runway, which can often include implementation of the 
innovative technologies and operational procedures for increasing the capacity of the new 
runway system. In addition, this can imply expansion of the apron/gate complex. In the 
landside area, this is usually building a new passenger (and/or) freight terminal complex 
(Janic, 2008). 

Physical expansion of the airport infrastructure is usually carried out by a gradual 
implementation of the airport Master plan, which is usually adapted to the growth and 
volatility of demand. The importance of the above-mentioned approach is described in 
Chapter 10. This time, some other details on estimating the influence of a new runway on the 
airside capacity of a large airport, and a methodology and its application to the sizing and 
design of the passenger terminal of a small airport, are described. 


8.2. INCREASING THE AIRPORT AIRSIDE CAPACITY BY 
CONSTRUCTING THE NEW RUNWAY 


Building a new runway at a given airport is usually expected to increase the airport’s 
runway system capacity substantively. At the currently most congested airports, particularly 
those in Europe, such a decision has always been the matter of a long public inquiry. In the 
US, the FAA (Federal Aviation Administration) carries out a regular assessment of the 
runway system capacity at the busiest federally owned airports, identifies the needs for 
additional runway capacity, and proposes the solutions for providing it. In most cases, these 
have implied proposing the new runway(s) and use of the currently available new 
technologies for supporting the more efficient and effective aircraft operations (FAA, 2004). 
One such assessment relates to the world’s largest airport: 

The ATL (Atlanta Hartsfield-Jackson International) airport (ATL). 
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Currently the airport operates as the main hub of Delta Airlines (US). The airport 
accommodated about 77 million passengers and 915 thousands atm (air transport movements) 
in the year 2006 (http://www.atlanta-airport.com). Figure 8.1 shows the simplified airport 
layout. As can be seen, the airport has two pairs of parallel runways operating under both the 
VMC and the IMC conditions, i.e. according to the VFR and the IFR, respectively. In the 
former case, when the VMC specified by the minimum ceiling of 3600 ft and visibility of 7 
nm prevail, the runways 27R and 27L are used for arrivals, and the runways 26L and 27L for 
departures. This happens for about 76% of the airport operational time. Under such 
conditions, the runway system capacity amounts 180-188 atm/h. In the latter case, when the 
IMC prevail, the arrivals are carried out on the runways 8L and 9R, and the departures on the 
runways 8R and 9L. The corresponding capacity amounts 158-162 atm/h. 
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Figure 8.1. Simplified scheme of the layout of ATL (Atlanta Hartsfield-Jackson International) airport 
((Compiled from: FAA, 2004). 


The new (fifth) parallel runway was built on the south of the present complex in the year 
2006 as shown in Figure 8.1. This has enabled that, under the VMC, the runways 26R, 27L 
and 28 are used for arrivals, and the runways 26L, 27R, and 28 for departures. Such triple 
visual simultaneous approaches provide the total capacity of the five-runway system of 243 
atm/h, which is an increase of 32% as compared to the corresponding use of the four-runway 
system. Under the IMC and the IFR, the runways 8L, 9R, and 10 are used for arrivals, and the 
runways 8L, 9R, and 10 for departures. 

The corresponding capacity of this five-runway system configuration amounts 202 atm/h, 
which is an increase of 28% as compared to the corresponding capacity of the four-runway 
system. The above-mentioned full operational use of the new parallel runway has required the 
PRM (Precision Runway Monitor) to enable the triple simultaneous instrument approaches in 
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addition to redesigning the surrounding terminal airspace. Also, advanced navigational 
equipment will be needed in the future to improve the accuracy in delivering the arriving 
aircraft to the FAGs (Final Approach Gates) and the runways’ thresholds during the triple 
parallel simultaneous approaches. This will increase the capacity to 249 atm/h under the 
VMC and to 221 atm/h under the IMC (Chapters 5, 7. 8, 9) (FAA, 2004). 

In addition, the most recent opening of three new runways at three US major hubs, IAD 
(Washington Dulles International), ORD (Chicago O’Hare International), and SEA (Seattle- 
Tacoma International), at the end of the year 2008 are illustrative. The new runways are 
expected to substantively increase the capacity and consequently reduce congestion and 
delays. The cost of their construction has been more than $2 billion. In addition to the FAA’s 
$676 million, the new runways were also financed by PCF (Passenger Facility Charge), as the 
local user fee added to the price of airline tickets. 

Washington Dulles International Airport: Until the year 2008, the airport had operated a 
three-runway system that dated back to the airport's 1962 opening date. The new fourth 
Runway 1W/19W, is a north-south runway, approximately 2867m (9,400 ft) long and 45m 
(150 ft) wide. It is located about a mile west of the current Runway 1L/19R. The runway 
includes the high-speed exit taxiways and is equipped with the ILS. Figure 8.2 shows the 
simplified scheme (ATN, 2008; FAA, 2004). 

The new runway is expected to increase the total runway system capacity from 135 to 
171 atm/h under the VFR conditions, and from 113 to 150 atm/h under the IFR conditions 
(FAA 2004). 
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Figure 8.2. Simplified scheme of the new runway at IAD (Washington Dulles International) airport 
(Compiled from: FAA, 2004). 


O’Hare International Airport. The new Runway 9L/27R is the first new runway since 
1971. It is 2288m (7500 ft) long and 45m (150 ft) wide. This is a Group 5 CAT M/I 
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Runway, designed for the aircraft of size of Boeing 747. The new runway is to be used for 
arrivals during bad weather conditions, which is one of the biggest causes of the chronic 
congestion and delays at the airport. This is expected to immediately reduce congestion and 
consequently delays at the airport from today’s average 24 minutes to 16 minutes per flight, 
and provide an additional annual capacity of 52 thousand flights. Consequently, the cap on 
the number of flights during the peak periods imposed in the year 2004 will be removed 
(ATN, 2008; FAA, 2004). 

Seattle-Tacoma International Airport: The new (third) Runway 16W/34W is 2600m 
(8500 ft) long, and 45m (150 ft). The runway was constructed to decrease congestion and 
delays during bad weather (low visibility), which occurs approximately 44 percent of time 
during the year. Decrease in congestion and delays will be achieved by enabling the 
independent parallel arrivals, particularly under low visibility conditions, which with the 
existing two closely-spaced parallel runways has not been possible. In general, the new 
runway will contribute to the increasing of the runway system capacity from 84 to 102 atm/h 
under the VFR conditions and from 60 to 72 atm/h under the IFR conditions (ATN, 2008; 
FAA, 2004). 


8.3. SIZING AND DESIGN OF THE AIRPORT PASSENGER TERMINALS 


8.3.1. The Scope 


The passenger terminal(s) complex are the very expensive infrastructure component in 
the airport landside area and should be properly planned and designed in order to be 
operationally, economically and socially feasible in the medium- to long-term future period of 
time (usually 15 to 20 years). 

This has become an increasingly complex task after deregulation of the national and 
liberalization of the international air transport markets, which have given airlines a free 
choice of including or abandoning a given airport from their networks. This as well as the 
strengthened local environmental constraints and requirements have brought a high level of 
uncertainty in estimating the relevant traffic inputs for the terminal’s design independently of 
the methods used. In addition, the emergence of the super large A380 has created additional 
problems in terms of the requiring design and construction of the separate modules of the 
passenger terminal complex at many airports supposed to host the aircraft. 

Consequently, the airport management, after deciding to undertake a new investment 
either in terms of building the new terminal or expanding an existing one, usually asks the 
planners and designers for an initial estimate of the size and cost of the project. The planners 
and designers use the elements of the terminal sizing theory to provide the answer (i.e. input), 
usually at the different level of details, for the further decisions, attraction of the potential 
investors, and the public inquiry. 

Over time, a more or less standardized process has evolved for planning and design of the 
passenger terminal complex. In addition to forecasting the PH (Peak-Hour) traffic volumes, 
the process consists of two steps: 


Matching the Airport Capacity to Demand in the Long-Term 185 





e Analysis of the passenger and baggage flows through the terminal during the PH, 
which enables specification of the servers’ and the space requirements given the 
specified (adopted) standards of the quality of service; and 

e Configuration of the passenger terminal with positioning and composing the servers 
and the space components. 


Three methodologies have been used most frequently for analysis of the passenger and 
baggage flows through the terminal: the formal application of queuing theory, the graphical 
analysis based on the diagrams of the cumulative counts, and the detailed computer 
simulation. The first approach has shown to be of the limited use since the terminal facilities 
are rarely in the steady state, which is one of the main solids of the queuing theory. The 
second approach assumes that the relevant inputs in terms of the traffic volumes and the 
capacity of particular servers are already given. In addition, it does not seem to be able to 
handle the interdependency between the flows passing through the entire terminal. The 
discussion, which follows, shows that it is not always true. The last approach enables the very 
detailed simulation of the passenger and baggage flows through the entire terminal, thus 
regarding the interdependency of particular phases of their processing. Anyway, a set of 
possible scenarios is preferable to develop using the different inputs. Then, based on these 
scenarios, the designers should configure the terminal first by connecting the particular 
functions and then by providing the architectural form. In this case, in addition to the overall 
economic feasibility, the design should be sufficiently flexible to enable the terminal to 
operate well for a range of scenarios (de Neufville, 1995; Odoni and de Neufville, 1992). 


8.3.2. Components 


The passenger terminal system consists of the interfaces and the passenger terminal 
complex (Ashford and Wright, 1992; Horonjeff and McKelvey, 1994). The external interfaces 
enable passengers to pass from the ground airport access systems (modes) to the terminal, and 
vice versa. The internal interfaces enable passengers to pass from the terminal to the aircraft, 
and vice versa. In particular, the passenger terminal consists of the following components: 


e The Components For Processing/Serving Passengers 

* Passenger processing areas: 

Departing passengers: Airline ticketing, check-in, security controls counters, and 

the outbound baggage hall with space and devices for sorting and processing 

baggage. 

Arriving passengers: Immigration (and security) control counters, and the inbound 

baggage claim area with space for passengers and claim device(s) for baggage. 

* Passenger lounges: Central hall for departing and the arrival hall for arriving 
passengers, departure gate lounges; 

* Passenger circulation areas: Stairways, escalators, elevators and corridors used 
for passing from one part of the terminal to other; 

* Passenger service areas: Post office, telephones, information, washrooms, first 
aid. 
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* Concession areas: Bars, restaurants, tax and duty-free shops, banks, insurance, 
car rental. 
* Observation decks and visitors lobbies: VIP facilities. 


e The Components For Processing/Serving Baggage 
* Baggage processing areas: 
Departing baggage: The baggage hall (1.e. the baggage sorting area) including the 
baggage sorting system and related devices; 
Arriving baggage: The baggage arrival hall, the baggage delivery system and related 
process, and the baggage claim devices. 


8.3.3. The Passenger and Baggage Flows 


The passenger and baggage flows are processed in the terminal according to the specific 
rules and procedures as follows: 

After arriving at the airport, the departing passengers enter the terminal and proceed to 
the check-in area and the check-in counters (if already have tickets) or to the airlines’ 
ticketing counters to get the tickets. Then, they pass the check-in procedure, which includes 
issuing a boarding pass and handing over baggage. After that, the international passengers 
proceed to the centralized (in the central hall) security, passport, and the custom control. If 
decentralized, the security control takes place at the departure lounges/gates. Figure 8.3 
shows the centralized concept. The domestic passengers only pass either the centralized or the 
decentralized security control. 

In general, the departing baggage, after being labeled at the check-in counters, is moved 
to the baggage sorting area, where it is sorted on the per-flight basis, loaded onto the carts, 
and transferred to the aircraft. The sorting is carried out manually, semi-, or fully 
automatically. At many airports, sorting of baggage starts just behind the check-in desks, after 
the checked-in labeled bags are put on the moving belt (s), which lay(s) at the same level as 
the check in counters. In addition to the extra space for installing moving belts, the passengers 
need to turn back after check-in in order to proceed towards the security (and passport) 
control counters. Some recent, more contemporary solutions consist of installing the moving 
belt(s) at one level lower than the check-in counters. In this case, baggage is dropped through 
the hole(s) in the floor behind the check-in desks onto the moving belt(s). The solution saves 
the space and enables passengers to “pass through” the check-in counters and proceed 
towards the security (and passport) control counters. At large hub airports, the baggage 
sorting system is also designed to handle a substantive amount of the baggage of transfer 
passengers. In addition, the baggage sorting system at these airports should fulfill a range of 
complex requirements such as the minimum time of delivering baggage from the check-in 
counter area to the departure lounges, i.e the aircraft/flights, the capacity, i.e. throughput, and 
the maximum proportion of mishandled baggage. Usually, the time of delivering baggage to 
the aircraft is about 15-20 min. This minimum time is specified by the interval between the 
time of closing the flight for further check-in and the time when loading of baggage onto the 
aircraft is nearly finished. At spacious terminals, because of relatively long distances, this 
may require a relatively high speed of moving baggage through the system. The capacity, i.e. 
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throughput, of the baggage sorting system corresponds to the capacity of the check-in 
counters and the average number of pieces of baggage per passenger. The product of the 
capacity and the average time in the system gives the maximum number of pieces of baggage 
in the system. The maximum proportion of mishandled baggage depends on the inherent 
complexity of the baggage sorting process and the level of automation. This proportion 
should be as low as possible. Because the baggage sorting system is inherently vulnerable and 
with the strong consequences in cases of malfunction, the spare system is installed at the large 
hub airports. Figure 8.4 shows a simplified scheme of the departure baggage sorting area in 
the passenger terminal of the moderate size and its inherent complexity. 

The international arriving passengers leave the aircraft, enter the terminal, and proceed 
to the immigration (passport) control, the baggage claim area where they pick up their 
baggage, and the custom control. Then they pass through the arrival hall and finally leave the 
terminal. Their baggage is delivered to the baggage claim device(s) in the baggage claim area 
similarly but by a less complex system and related process as compared to the departing 
baggage. Figure 8.5 shows a simplified scheme of the related areas in the passenger terminal 
of the moderate size. 

The domestic arriving passengers disembark the aircraft, enter the terminal, proceed 
directly to the baggage claim area, pick-up the baggage, pass through the arrival hall, and 
finally leave the terminal. 

Transfer passengers generally pass from the incoming to the outgoing flights through the 
transfer area, with or without passport (immigration), and security control. As mentioned 
above, their baggage is transferred directly between the flights. Transit passengers usually 
stay onboard the aircraft or at the gate if the aircraft needs refueling (Ashford and Wright, 
1992; DETR, 2001; Horonjeff and McKelvey, 1994). 


8.3.4. The Main Actors and Their Requirements 


The various actors with the different requirements and concerns may be involved in 
consideration of the sizing of a new airport passenger terminal as follows (Ashford and 
Wright, 1992; Horonjeff and McKelvey, 1994): 


e Users, i.e. air passengers require a secure, efficient, and effective (comfortable) 
processing in the terminal. Sometimes, this may include provision of the convenient 
access/departure paths (the access) to/from the terminal. 

e Airlines require the sufficient flexibility for accommodating the existing and the 
future aircraft types, and an efficient, effective, and secure processing/serving of all 
categories of their passengers, baggage, and aircraft. 

e The airport management requires the long-term feasibility of investments, i.e. the 
maximum profitability of a new terminal in the widest sense. 
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Figure 8.3. Simplified layout of the area for the international departing passengers in a given passenger terminal (Compiled from: Janic, 2007). 
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Figure 8.4. Simplified layout of the departure baggage sorting area in a given passenger terminal Compiled from: Janic, 2007). 
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Figure 8.5. Simplified layout of the baggage claim area in a given passenger terminal (Compiled from: Janic, 2007). 
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8.3.5. The Sizing Parameters 


The most important parameters for sizing a new airport passenger terminal are demand, 
capacity, and quality of service. 


Demand 

The demand is used as the sizing parameter in the format of the annual and the PH (Peak- 
Hour) volumes of passengers specified for the “design year” and/or for the “design peak- 
period” (Ashford and Wright, 1992). In such context, the volume(s) of the annual demand is 
always converted into the volume(s) of the hourly demand. The latter can be estimated by 
factoring the annual and/or the monthly averages and/or the concept of the 30" highest hour 
of the year, i.e. the SBR (Standard Busy Rate), the last frequently used by some European 
airport planners and designers. The US FAA (Federal Aviation Administration) recommends 
the concept of the TPHP (Typical Peak-Hour Passenger) based on derivation of the design 
peak-hour passengers’ volume(s) at the rate of 0.03-0.20% of the annual volume(s) (see also 
Figure 4.7) (Ashford and Wright, 1992). Table 8.1 gives the examples of computing the 
TPHP demand using the SBR concept. 


Table 8.1. Dependence of the peak-hour demand of the annual passenger demand 


























The annual passenger % of the TPHP (Typical Peak-Hour Passenger) 
demand (million) annual demand demand 

<0.1 0.200 <200 

0.1-0.5 0.130 130-650 

0.5-1.0 0.080 400-800 

1-10 0.050 500-5000 

10-20 0.045 4500-9000 

20-30 0.040 8000-12000 

>30 0.035 >10500 

















Source: Ashford and Wright, 1992. 


The concept of the TPHP demand is useful for a preliminary assessment of the passenger 
loads without the details on their pattern (departing, arriving, transit/transfer), type (domestic, 
international), location, time, and duration. Anyway, the TPHP concept can be replaced by a 
more detailed scenario, which enables specifying of the volume and the processing rates of 
passenger demand in the real time for each individual flight. In such case, the relevant “peak- 
period” should not necessarily be limited to an hour. 


Capacity 
Particular components of the airport passenger terminal can be classified into the 
processors (i.e. servers), reservoirs (i.e. waiting areas), and links (i.e. the areas and devices 
connecting the processors to the reservoirs) (Janic, 2001). Their most important operational 
and design parameters are the “static” and the “dynamic” “ultimate” and “practical” capacity. 
The “static ultimate” capacity can be defined as the maximum number of passengers 
simultaneously accommodated in the terminal or in one of its areas under the conditions when 
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each of them is given the minimum space according to a given space-quality standard. This 
capacity appears relevant for design of the reservoirs (i.e. the waiting areas). 

The “dynamic ultimate” capacity can be defined as the maximum number of passengers 
(or baggage) served in the terminal (or in some of its areas) during a given period of time 
under conditions of constant demand. This capacity is relevant for design and organization of 
the servers and supporting facilities, and equipment. 

The "practical" capacity can be defined as the maximum number of passengers served 
under the conditions specified by the constant demand for service and the maximum tolerable 
waiting time for service. 

At present, the universally accepted method for estimating the “static” and the “dynamic” 
“ultimate” capacity of the airport passenger terminal does not exist. Nevertheless, two 
methods are most frequently used (Tosic, 1992). The first “robust” method, relating to the 
“static” capacity, enables a specification of the space requirements for the entire terminal’s 
operations. The other more “refined” method enables a specification of the size of particular 
areas in the terminal by simultaneously taking into account both the “static” and the 
“dynamic” “ultimate” capacity. 


° The “Robust” Method 
The “robust” method is useful for determining a magnitude of the gross area of the 
passenger terminal for a given volume of demand. This gross area representing the terminal 
“static” capacity can be calculated by multiplying the peak-hour passenger demand in Table 
8.1 and the minimum space allocated to each passenger and/or other occupant according to 
the given space standards (Janic, 2001). 


° The “Refined” Method 

The “refined” method estimates the “static” and the “dynamic” “ultimate” capacity of 
different components of the airport passenger terminal, i.e. processors, reservoirs, and links. 
” “ultimate” capacity of a given processor consisting of n, processing 


99 66 


The “dynamic 
(service) units each with the processing/service rate 4 can be determined as follows (Janic, 
2001): 


C,=n,4, (8.1) 


The “static” "ultimate" capacity of a given reservoir where the passengers wait for 
service can be expressed by the number of passengers simultaneously occupying the area of 
size S, when each is given the minimum space standard Sọ, as follows (AACC/IATA, 1981; 
Ashford and Wright, 1992; Ashford et al. 1984; Janic, 2001): 


N=S/S, (8.2) 


From expression (8.2), the size of area for accommodating a given number of passengers 
when each is assigned a given minimum space can be determined straightforward. 

The devices in links such as the escalators, walkways, people movers etc. have their own 
capacity determined by the design and construction. Installed to enable a faster movement of 
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passengers, they influence the “static” and the “dynamic” capacity of particularly long halls. 
The maximum number of passengers simultaneously occupying a given link (a long hall) 
usually expresses its "static" capacity. The maximum number of passengers passing through 
the specific “reference location” of a given link during a given period of time under 
conditions of the constant demand for service determines its “dynamic" capacity 
(AACC/IATA, 1981; Ashford et al., 1984; Horonjeff and McKelvey, 1983; Janic, 2001). The 
“static” and the “dynamic” capacity of a given link can be interrelated For example, if 2 is the 
intensity of demand at the link’s “reference location” and if T is the average service time of 
each unit of demand (i.e. a passenger) at the “reference location”, the number of occupants 
(i.e., the link’s “static” capacity) can be determined as follows: 


N=AT=S/S, (8.3) 


where the symbols are analogous as in the expressions (8.1) and (8.2). 


Quality of Service 

The quality of service expresses the level of comfort for passengers while being in the 
terminal. This is an important planning parameter consisting of the time and the space 
attribute. The time attribute implies the maximum and/or the average tolerable waiting time 
for a passenger served at the particular processor and/or a link. This time is usually specified 
in increments of 5, 10, or 15min. The space attribute implies the minimum space intended for 
a passenger waiting for service or passing through some areas. In the case of waiting in front 
of particular processors and/or while passing through particular links each passenger is 
provided with the space standards always guaranteed, i.e. independently of the level of 
congestion. Specification of these standards has been the subject of different empirical 
developments. For example, the US FAA recommends the total minimum space requirements 
of about 23m? and 37m’ for a domestic and the international passenger, respectively, during 
the peak hour. Some other sources suggest the minimum space standard of 14m’ and 24m’ per 
a domestic and the international passenger, respectively, with an increase for about 20% in 
order to provide the separation between the deplaning and the enplaning passengers (Ashford 
and Wright, 1992). 

In parallel, the IATA (International Air Transport Association) recommends the 
minimum space standards for particular areas of the airport passenger terminals as Level of 
Space Standards (LOS) (IATA, 1995). Table 8.2 gives these standards for different types of 
waiting areas. 

The Level “A” in Table 8.2 implies an “excellent” quality of service. The Level “B” 
provides a “high” quality of service. The Level “C” guarantees a “good” quality of service. 
The Level “D” offers an “adequate” quality of service. The Level “E” indicates an 
unacceptable level of service. Finally, the Level “F” implies a broken-down service (Ashford 
and Wright, 1992; Hart, 1985; ICAO, 1987; IATA, 1995; Odoni and de Neufville, 1992; 
TRB, 1987; Yen et al., 2001). 
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Table 8.2. The Level of Service (LOS) space standards for the airport passenger 























terminal 

Area of the terminal Level of Service (LOS)? 

A B C D E F 
1. Check-in queue Area 1.8 1.6 1.4 1.2 1.0 -- 
3. Wait / Circulate RT 2.3 1.9 1.5 1.0 -- 
2. Hold room 1.4 1.2 1.0 0.8 0.6 -- 
4. Baggage claim area 2.0 1.8 1.6 1.4 1.2 - 
5. Government inspection 1.4 1:2 1.0 0.8 0.6 - 





























Source: IATA, 1995; Ashford and Wright, 1992. ” Square meters per occupant. 


The time and the space attribute of the quality of service influence the size of the areas in 
question in combination with the “ultimate” “static” and/or the “dynamic” capacity of 
particular processors/links, respectively. For example, the specified maximum waiting time of 
a passenger multiplied by the capacity (i.e. the service rate) of a given processor/link 
determines the maximum length of the queue in the related area. This queue multiplied by the 
minimum LOS selected from Table 8.2 provides the total size of the space in front of the 
given processor/link (Janic, 2001). 


8.4. METHODOLOGY FOR SIZING THE AIRPORT PASSENGER 
TERMINALS 


8.4.1. The Methods/Tools 


The methodology for sizing the airport passenger terminals implies the computer- 
supported analytical and simulation models/tools grounded in the network analysis, the theory 
of queuing systems, and the principles of the fast-time simulation (Horonjeff and McKelvey, 
1994; Janic and Jovanovic, 1990; Janic, 2001; McKelvey, 1988; Tosic, 1992). The analytical 
models/tools enable a relatively fast preliminary examination of the characteristics of 
movements of the passenger and baggage flows through the terminal. The more time- and 
cost-consuming simulation models examine the detailed passenger and baggage flows’ 
movements through the terminal. Both categories of models/tools use as the inputs the above- 
mentioned most important terminal sizing parameters, i.e. demand, capacity, and the quality 
of service. The analytical models/tools use the inputs in the parametric format. Consequently, 
the output is also in the same format. The simulation models/tools can be stochastic and 
deterministic. The stochastic models/tools use almost all inputs, the terminal sizing 
parameters, as the stochastic variables with the known probability distributions. The outputs 
are also distributions of the passenger and baggage loads and the corresponding waiting 
times. In the very detailed models/tools, the processing/serving of each individual passenger 
and bag in the terminal can be recorded. Thanks to the fast computers, several tents, 
hundreds, and even thousands of experiments can be carried out in a relatively short time, 
each resulting in the specific output(s). Then, the output is selected for sizing the particular 
areas of the terminal given the space standards of the quality of service (Table 8.2). The 
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details on the particular stochastic simulation models/tools can be found mostly in the 
academic literature and in the cases of their application to the consultancy studies and projects 
(Ashford and Wright, 1992; Horonjeff and McKelvey, 1994; Janic, 2001; McKelvey, 1998; 
Tosic, 1992). 

In addition, the manuals of the computer software packages such as the ARENA, 
ARCTERM, PBFM, and PAXPORT are available. The deterministic methods/tools use the 
average (or the modal) values instead of the distributions of particular terminal sizing 
parameters. On the one hand, this simplifies and shortens the calculations. On the other, it 
diminishes the details of output. In these methods/tools, the flows in terms of the groups 
instead of the individual passengers and bags in the terminal are recorded. Nevertheless, 
despite such simplification, these models/tools have produced satisfactory results. Anyway, 
choice of the model/tool mainly depends on the specific circumstances i.e. the case, 
requirements, the availability of data, the level of familiarization with the model/tool, and the 
disposable time. 


8.4.2. The Theoretical Basis 


The generic principle of determining the number of passengers and/or baggage 
simultaneously occupying an area of a given terminal implies calculation of the difference 
between the number of passengers/bags requesting service by a given time and the number of 
passenger served by the same time. Since the current events are always dependent on the just 
passed events, the concept of counting the cumulative number of passengers and baggage 
over time has been mostly used for both types of simulation methods (Newell, 1982). In 
general, let A(t) and D(t) be the cumulative number of passengers requested service and being 
served by a time (t) at a given processing/service facility. 

These numbers can be represented by the step curves, which increase their values for one 
as soon as one passenger arrives at or departs from the processing facility, respectively. If the 
number of passengers is much greater than one, which usually happens, these actually step- 
shaped curves of the cumulative counts can be approximated by the smooth curves (Newell, 
1982). 

In addition, let N(t-At) and N(t) be the number of passengers simultaneously occupying 
the area in front of a given processing unit in the two successive times (t-At) and (t), 
respectively. The time (t) is within the peak period; the time Af represents the incremental 
interval between the successive registering of the number of passengers and/or baggage at a 
given processor. If A(t) is the intensity of passenger arrivals between the time (t-At) and the 
time (t) (i.e. A(t) = A(t)/dt), and nu the nearly constant service rate of the processor over time, 
the queue of passengers in the given area at time (t) can be estimated as follows: 


Q(t) = max[0; A(t) — D(t)] = max[0;O(¢ — At) + A- nwt] (8.4) 


Dividing the queue M(t) by the service rate of a processor gives the waiting time of a 
passenger joining the queue at time (t) as follows: 


w(t) = O(t)/np (8.5) 


196 Milan Janić 





Observing the queues and waiting times over a given period of time enables calculation 
of the corresponding totals and averages (McKelvey, 1998; Newell, 1982). An example of 
estimating the queues and the delays in the departure passenger lounge shown in Figure 8.6 
appears illustrative for the ideas in the expressions (8.4) and (8.5) (Janic, 2007). 

Let SDT be the flight Schedule Departure Time, T, the time of closing a flight for 
boarding, 4 the boarding rate, and Qmax(Tp) the number of passengers in the lounge at the 
time when boarding if a flight starts at time Tp. This latest time, providing that all passengers 
are onboard the aircraft before it is closed for boarding is determined as: T, = SDT — (SDT-T,) 
— Onax(T»)/Ly. Consequently, the total waiting time of all passengers can be determined as: 


D= [wae -1/2(T, - T,)? My = MO -1/20 nax (Tp )/ Lp (8.6) 


If the total number of passengers per a given flight is N, the average queue will be Q, = 
D/N and the average waiting time before boarding will be: w, = D/T, (Janic, 2007; Newell, 
1982). 


8.4.3. The Structure of the Model/Tool 


The computer-supported simulation model/tool described in this chapter has been 
developed using the above-mentioned principles based on the deterministic queuing theory as 
the “core” of the airport passenger terminal sizing theory. In this model, the traffic scenario 
reflecting the time, intensity, and the volume of the passenger and baggage demand, the 
number of processors/service units and devices, and their processing/service rates (i.e. the 
capacity) represent the queuing system. 

Like in the other similar models/tools, this model/tool registers (i.e. calculates) the 
system’s states in the discrete time increments during a given peak period of time 
(expressions 8.4 and 8.5). The number of passengers and baggage queuing in front of and/or 
around the specific processors, and the number of those only occupying the particular area(s) 
of the terminal in given time increments represent the system’s states. Registering these states 
in short time increments makes their changes over time transparent. This model/tool is 
sufficiently generous, thus allowing its use for sizing of any airport passenger terminal 
independently of the specificity of particular terminal sizing parameters, i.e. demand, 
capacity, and quality of service. 

Under such circumstances, the model can also be used for sizing of the very specific 
terminals. The first example is the terminal hosting the super-large Airbus A380. The other 
example is the terminal handling the LCCs (Low Cost Carriers). In any case, the inputs and 
particular service phases need to be carefully specified. The system states in terms of the 
maximum number of passengers (and baggage) multiplied by the selected minimum standards 
of the space quality of service in Table 8.2 provides input for sizing particular areas. The 
obtained area excludes the space for installing the processors and the other service devices 
(Barros and Wirasinghe, 1998; Janic and Jovanovic, 1990: Newell, 1982; Odoni and 
deNeufville, 1992; Saffarzadeh and Braaksma, 2000). 
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8.5. AN APPLICATION OF THE METHODOLOGY FOR SIZING THE 
PASSENGER TERMINALS 


8.5.1. Inputs 


The model/tool has been applied to sizing a new passenger terminal at a small regional 
airport (Ljubljana, Slovenia). In this case, the airport planning division specified the inputs for 
the final calculating experiments. These were based on the past-related work, generally used 
international airport planning documents, measurements of some service performances on the 
scene in combination with the other reference cases, leaflets from the prospective suppliers of 
facilities, equipment and devices, and the airlines’ schedules and the fleet-development plans. 
The detailed results on sizing of a part of the terminal for the international departure traffic 
are presented, followed by the aggregate results for sizing the entire terminal (Janic, 2007; 
Janic and Jovanovic, 1990). 


The Passenger Demand and the Service Rates of Processors/Servers 

The traffic scenario for a given peak-period specifies the passenger demand. This implies 
processing the passengers and baggage from seven departing and five arriving flights 
scheduled every 5 minutes during the given period. The number of flights has been set up 
respecting the airport airside capacity of 12 operations per hour. This capacity has been 
influenced by the configuration of the runway and taxiway system and the topographical 
constraints requiring the ATC minimum separation rules of at least 5 minutes between any 
type of atms (arrivals/departures). All flights have had the seat capacity of 167 seats (i.e. that 
of Airbus A320 aircraft) with an average load factor of 80%. The specification of such fleet 
structure has lied behind the plans of incumbent airline Adria Airways as well as from the 
expectations of handling the similar aircraft types of the other airlines coming to the airport 
after Slovenia joined the EU (European Union) and consequently liberalized its aviation 
market. This has given the total number of passengers during the peak period of 12-167-0.80 
= 1603, which is an equivalent of about 2-2.5 million passengers per year (see Table 8.1). Of 
this total, 7 - 167 - 0.80 = 935 have been departing and the rest have been the arriving 
passengers. These have mostly been the origin and the destination passengers. The number of 
transfer/transit passengers has assumed to be negligible, thus indicating that the incumbent 
airline has not expected to operate any kind of the hub-and-spoke network. 

According to the given scenario,, the departing passengers have been expected to arrive 
at the airport by bus, taxi, and/or their individual cars. The bus schedule has related to the 
schedule of particular flights, which has enabled passengers to arrive at the airport about 90 to 
60 minutes before the flight SDT (Schedule Departure Time). The taxis and individual cars 
jas brought passengers uniformly during a period of 90 to 35 minutes before the STD of each 
flight. The modal split between these particular transport modes has assumed to be 70% bus 
and 30% taxi and/or the individual cars. The estimate has been based on the long time 
experience. Such dynamism and the modal share for the passengers arriving at the airport 
have crucially influenced the cumulative demand curves for the departing passengers, which 
have, as shown in Figure 8.6, assumed identical for all (departing) flights. 
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About 50% of all passengers have assumed to have one companion and carry two pieces 
of baggage. The other 50% carry one piece of baggage. This does not include hand baggage. 
Consequently, both give 0.5 accompanies/pax and 1.5 bags/pax, respectively. 

The number of check-in counters (24) has been specified based on the assumption that 
each counter serves the passengers from each flight by the constant service rate of 1.5 
min/pax (i.e. 0.667 pax/min) and that all passengers should be processed in about one hour 
and half from the time of opening of the counters. 

The number of security/passport control counters (3) has been specified using two 
criteria: i) the required time of about one hour and half for serving all passengers; and 11) the 
processing rate of each counter of 10 pieces of baggage per minute and of each passport 
control counter of 3 pax/min. At the time of specification, this had sounded reasonable. 
However, nowadays this could seem too optimistic. Namely, the strengthening of the security 
measures at the airports worldwide after the September 11 terrorist attacks on the US and 
under an inherent terrorist threat, this part of the airport passenger terminals has become 
extremely sensitive in terms of sizing, design, and operations. 

For example, if the processing rate previously in terms of seconds drops to be in terms of 
minutes, then, for a given number of counters, significant queues may develop in the security 
checking area. In the case of centralized security control, due to the lack of space these 
passengers, if in the large numbers, are usually pushed back towards the central hall. In the 
case of decentralized security control, they queue around the flight departure lounges. In both 
cases, the time of passengers’ stay in the terminal extends, which consequently requires a 
larger space. 

Therefore, the timing of operating the particular processors under either regular or 
irregular conditions appears to be very important. First, it is for balancing the queues and the 
related waiting times in particular areas of the passenger terminal. Second, it is for preventing 
the delaying of flights due to the extended waiting and service time. In the given case, the 
most passengers have to be at the departure gates, at the earliest is 35 min and at the latest is 
10 min before the flight’s SDT. 


The Baggage Demand and the Service Rates of the Processors/Devices 

The handling baggage of the departing passengers has been specified as follows: The 
checked-in baggage on the belts proceeds from the check-in counters to the baggage sorting 
area at an average rate of (0.667 pax/min) x 1.5 bags/pax = 1.0 bag/min per counter. This 
implies that about 120 bags arrive from 24 check-in counters every 5 minutes. Regarding the 
width of each counter of about 3 m, the moving belt simultaneously handling baggage from 
the check-in counters is specified to be 3m/check-in x 24 check-in = 78m (see Figure 8.3). If 
the baggage density on the belt is 2.5 bags/m, the capacity of the belt will be 78m x 2.5 
bags/m = 195 bags. This has expected to be sufficient regarding the baggage arrival rate and 
the baggage off-loading rate of 15 bags/min/staff. For each of seven flights, the baggage has 
been off-loaded from the belt and loaded onto the carts by the eight staff. This has given the 
off-loading rate of about 120 bags/5 minutes, which appears to be in balance with the baggage 
arrival rate. 


Summary of Inputs 
The inputs from the above-described scenario of handling the international departure 
passengers and their baggage in a given terminal are summarized in the self-explanatory 
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Tables 8.3 and 8.4. Similar reasoning jas been applied to developing the traffic scenario and 
specifying the inputs for international arriving, as well as the domestic departing and the 
arriving passengers and their baggage. The level “C” of the Level of Service (LOS) space 
standard has been adopted for all areas (see Table 8.2). 


Table 8.3. The inputs for the international departure passengers in a given example 





Demand 





e Timetable: 


7 departure flights every 5 minutes 
during peak-hour 














e The seating capacity of a “critical” flight/aircraft: 167 seats 

e The average load factor per flight: 80% (equal for all flights) 
e The total number of passengers: 935 

e The average number of accompanies: 0.5 acc/pax 





The arrival pattern: 


Modal share: 30% taxi, individual 
car; 70% bus; 

Period: 90 to 35 min before the 
flight’s SDT (Scheduled Departure 
Time). 

The arrival of buses: 90 min (bus 
1), 75 min (bus 2) and 60 min (bus 
3) before the flight's SDT; 

The arrivals by taxi or individual 
car: Uniformly over the period 90; 
35 min before of the flight’s SDT. 














Capacity 
e The number of check-in counters/type: 24/ Common’ 
e The average service time at check-in counter: 1.5 min/pax 
¢ The number of security/passport control counters: 3 





e The average service time at security unit: 


600 hand-bags/hour 





e The time of starting security control: 


60 min before the flight's SDT 





e The average service time at passport control: 


0.30 min/pass 





e Boarding time 


30 min before the flight’s SDT 








The embarking time of the last passenger: 





10 min before the flight’s SDT 





Source: Janic, 2007; Janic and Jovanovic, 1990. 


8.5.2. The Results 


Summary of the Results 


A series of experiments with the model/tool using the above—mentioned data are carried 
out for calculating the system’s states, i.e. the passenger and the baggage queues (loads) in 
particular (corresponding) areas, every 5 minutes. This time increment is considered 
convenient for registering the significant changes of queues. The results are shown in Figures 


8,6, 8.7, 8.8, and 8.9 (Janic, 2007; Janic and Jovanovic, 1990). 
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Table 8.4. The inputs for the international departure baggage in a given example 






































Demand 

Arrival pattern 1 bag/min/check-in counter 
Baggage: 1.5 bags/pax 

Capacity 

Length of the main belt in the sorting area: 78 m 

Maximum number of bags on the belt 78m -2.5 bags/m = 195 bags 

(i.e., maximum belt storage capacity): 

Number of staff/one per flight: 7 

Off-loading rate of carts: 3.0 bags/min 

Total number of carts: 3 carts/flight x 7 flights = 21 carts 





Source: Janic, 2007; Janic and Jovanovic, 1990. 


Figure 8.6 shows the curves of the cumulative passenger demand for seven international 
departures scheduled in five-minute intervals including their SDT. By summing-up these 
seven individual cumulative demand curves, the integral cumulative curve of the total 
demand is obtained and shown in Figure 8.7. The slant straight line represents the cumulative 
number of processed passengers by the system of 24 check-in counters. The difference 
between the two curves shows the queue of passengers in front of the check-in counters, 
which, as can be seen, sustains during the entire peak-period. In addition, the passenger 
queue, under given check-in counters’ service rate, appears to be mainly influenced by the 
check-in operating time, which in this case starts before the arrival of the first passenger (i.e. 
all counters open before) and ends after checking the last passenger from the last flight. Using 
the scheme, the average and the maximum queue and the waiting time (for all and per 
individual passenger) can be determined. 

Figure 8.8 shows the number of departing passengers simultaneously occupying 
particular areas of the terminal in dependence of time. As can be seen, this number in the 
central hall reaches a maximum at about one hour and in the departure lounge at about 20 
minutes before the SDT of the first flight. In addition, the variations of the passenger numbers 
in front of the check-in counter, the central hall, the security control, the departure lounge 
area, and in the entire central hall are shown. As it is shown, the number of passengers in any 
of these areas is always lower than the maximum number of passengers in the traffic scenario 
(935). The maximum load is reached only once, at about 25 minutes before the SDT of the 
first flight. However, these passengers are distributed over the various sub-areas of the 
terminal, which appears crucial for distinction between these and the results from the 
simulation-based “dynamic” and the analytical “static” models/tools used by the IATA. While 
the former consider that the maximum number of passengers relevant for sizing the particular 
areas occur at the different times and areas thanks to the spilling effect, the later neglects that 
fact to a great extent by assuming that the maximums occur in each area approximately at the 
same time (IATA, 1995). Consequently, the later model/tool tends to overestimate the size of 
particular areas of the terminal. 
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Figure 8.6. Scheme of the cumulative count of the departing passengers and timing of their flights in a given example (Compiled from: Janic, 2007; Janic and 
Jovanovic, 1990). 
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at time (t). 
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Figure 8.7. Demand, capacity, and congestion in the check-in counters’ area dependent on time in a given example (Compiled from: Janic, 2007; Janic and 
Jovanovic, 1990). 
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Figure 8.8. Dynamics of queues of departing passengers) in the particular areas of the terminal in a given example (Compiled from: Janic, 2007; Janic and 
Jovanovic, 1990). 
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Figure 8.9 shows the number of baggage in the departure-baggage sorting area. The 
baggage is loaded onto the flight-allocated carts as soon as it arrives. This implies that the 
carts are also used to relax a load of the central baggage belt (see Figure 8.4). 


The number of bags on the belt 
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Figure 8.9. The number of bags on the baggage device in dependence of time in a given example 
(Compiled from: Janic, 2007; Janic and Jovanovic, 1990). 


In this example, the maximum number of bags on the belt is about 100 pieces, at around 
25 minutes before the STD of the first flight. Since the belt storage capacity is assumed to be 
170 bags (Table 8.4), the maximum utilization of the belt will be 100/195 = 0.51. In addition, 
as can be seen, all baggage is sorted at about 10 minutes before the STD of the first flight. 
The similar set of experiments is carried out for the domestic departures, the international and 
the domestic arriving passengers, and their baggage. 


The Sensitivity Analysis 

The above-mentioned-results indicate that the pattern of scheduling flights, the number of 
passengers per flight (i.e. the aircraft size), and the arrival pattern of passengers at the airport 
mainly influence the shape of the aggregate cumulative demand curve for the departing 
passengers at the terminal. The slope of this curve reflects the intensity of demand at a given 
time. Confronted with such demand, the performance of the check-in counters in terms of the 
number of units, the processing rate per unit, and the operational time, influences the size and 
the time of sustaining queues and passengers’ waiting time in the check-in counter area. 
Specifically, the operational time and the service rate of the check-in counters determine the 
demand curve for the security and the passport control counters and consequently the 
passenger queues and waiting times there. This is mainly due to the serial order of the 
processors and the necessary activities in the terminal. Obviously, on the one hand, a more 
voluminous and intensive demand (the higher and a steeper cumulative demand curve) and 
the lower number and the lower processing rate of each checking counter create the larger 
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queues and the longer delays in the check-in counter area, and vice versa. On the other hand, 
the higher check-in processing rate generates the steeper cumulative demand curve for the 
security/passport control counters, and consequently the longer queues and the waiting times 
there. Therefore, it appears to be of a particular importance to predict the cumulative demand 
curve(s) in front of the checking area as exact as possible and then to make adjustments (i.e. 
specification) of the required capacities of particular processors and their operational time 
regarding the time standards of the quality of service. Similar discussion relates to the 
passenger baggage whose demand pattern coincides with that of passengers. In general, on 
the one hand, the processors and the service devices of the higher capacity require a greater 
number of the installed units and thus the larger space. On the other, the queues of passengers 
and baggage are shorter, which for the given space standards of the quality of service, 
requires the smaller total space. Consequently, speeding up the processing of both the 
passenger and the baggage flows through the terminal requires a larger space for installing the 
higher-capacity processors but also the smaller space for the passenger and baggage queues, 
and vice versa. In addition, the capacity of particular processors, which operate in the serial 
order, needs to be in balance because of the inherent influence on each other. Under such 
conditions, the “bottlenecks” in the process can be avoided. The importance of such balancing 
of the capacity for both planning and operation of a given terminal has recently shown at the 
security checking counters at some of the UK airports. After preventing a severe terrorist 
threat, the strengthened security procedure has significantly deteriorated the processing rates, 
which have created the very high irregularity rates of passing through the terminal, thus 
forcing many passengers to give up their trips. 


8.5.3. Sizing Particular Areas 


Multiplying the relevant (maximum) number of passengers and the corresponding space 
standards of the service quality “C” in Table 8.2 provides estimations of the size of particular 
areas for the new terminal in the above-mentioned example for all types and patterns of traffic 
(domestic and international departures and arrivals). Table 8.5 gives the results, which are 
also compared to the corresponding results obtained by the IATA method/tool (IATA, 1995). 
The presented values do not include the area for installing the processing facilities and 
devices (Janic, 2007; Janic and Jovanovic, 1990). 

As can be seen, the differences between the results calculated from both methods are 
evident. The total size of the area of the given terminal obtained from the proposed 
deterministic simulation method is about 19% smaller than the results obtained from the 
IATA method/tool, i.e. 7871 — 6618 = 1253 m°. This could be a reason for preferring the use 
of the proposed or some other similar “dynamic” instead of the IATA “static” method/tool. 
Furthermore, this raises a series of questions about the use of the most appropriate 
method/tool for the terminal sizing. 

The first question relates to selection of the space and the time standards of the quality of 
service. The additional question relates to the available space for installing a new terminal of 
the selected design and layout (one, one and half, or two levels). 
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Table 8.5. Example of sizing passenger terminal by using different sizing 





























methods 
Type of the area Size of the area (m°) 
Deterministic simulation method IATA method 
Central hall 
e Departure 1485 2290 
e Arrival 663 990 

Check-in 

e No. of service units 22 24 

e Area 263 300 
Security control-centralized 204 z 
Departure lounges 

e Domestic 770 710 

e International 1326 1770 
Passport and customs control 

e Departure = - 

e Arrival 381 641 
Baggage claim area 

e Domestic 835 390 

e International 691 780 
Total: 6618 7871 

















Source: Janic, 2007; Janic and Jovanovic, 1990. 


If the investments and the available space are not the crucial problem, the airport 
management will likely incline towards the higher space and the stricter time standards of the 
service quality, and consequently use the IATA sizing method/tool. In addition, the sizing and 
design of the terminal can be carried out in the “house” since the most airport planners are 
familiar with this method/tool. Given these circumstances, the spacious and the service high- 
quality passenger terminal can be designed. However, when the terminal operation starts, 
utilization of the available terminal capacity and space only during the peaks and relatively 
high underutilization during the off-peaks might impose high operational costs, in addition to 
the already high investment costs. On the one hand, this can create the long-term financial 
problems for the airport, which could not be resolved even by an aggressive 
commercialization of the retailing space (i.e. collecting the non-aeronautical charges). On the 
other hand, such a larger terminal offers more flexibility in neutralizing disruptions of the 
service process without the significant deterioration of the space standards of service quality. 

Except in some rare cases, the investments, and the space for a new airport passenger 
terminals always represent some kind of a problem, which inclines the airport management to 
look for as cheap as possible and the spatially sustainable option(s). Given the circumstances, 
not knowing about the correctness of the results of the IATA method/tool, the airport 
management could ask for additional evaluation of the results, which can demand the use of 
some among the existing or building up new methods/tools based on the deterministic (or the 
stochastic) simulation. 
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Chapter 9 


THE AIRPORT MASTER PLAN 


9.1. INTRODUCTION 


The airport master plan is a document, which contains the guidelines on how a given 
airport could develop within the existing and the prospective planning permissions over the 
forthcoming medium- to long-term period of time, i.e. at least over the next 10, 15, and/or 20 
years. The document usually represents a compromising outcome from the process of public 
inquiry, which includes the main actors such as the airport operator, airlines, and the local 
national and international (governmental) authorities. 

Since the development of most airports has been shown to be inherently and increasingly 
uncertain, the main feature of a given document, i.e. the master plan, should be flexibility. 
This implies adaptation of the planned and the installed airport capacity to the inherently 
fluctuating traffic demand in terms of the number of atm (air transport movements), 
passengers, and freight, efficiently and effectively. The efficiency means as the least possible 
investment and operational costs. The effectiveness implies providing the quality of services 
to the users as planned. Such increased flexibility in developing the Mater Plan including the 
alternative scenario-based traffic forecast and design of the alternative solutions to fit it the 
best in the shorter term including the frequent revisions in order to diminish the risk of 
planning has been introduced as the concept of the DSP (Dynamic Strategic Planning) of 
airports (de Neufville and Odoni, 2003). The term “The Master Plan” will continue to be used 
while bearing in mind that it has to be based on the principles of the DSP. 

In many cases, the airport’s Master Plan is prepared as the debatable document in its 
initial stage, thus enabling the feedback and comments from the above-mentioned main actors 
involved in the public inquiry. These also include the consultants and particularly the 
population nearby a given airport, which may be exposed to the additional burden in terms of 
the aircraft noise and air pollution in the case of the airport’s expansion. 

The main objective of the airport’s Master Plan is to provide the consistent vision on the 
planning of the airport future development. This includes at least the two level planning: The 
former level implies planning the overall land take by the airport in the medium- to the long- 
term future, and reservation of this land for such use. The latter level implies the balancing of 
the airport airside and the airport landside capacity, and the capacity of the airport ground 
access/leave systems (modes), as well as balancing of this capacity to the expected growth of 
demand, within the given land constraints. 
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Since the airport capacity is planned for the future, a necessary part of each Master Plan 
is an analysis and forecasting of the airport traffic demand in terms of the number of atm, 
passengers, freight, and the aircraft fleet composition. The forecast relates to the hourly, daily, 
monthly, and the yearly traffic volumes. There may be several objectives in planning the 
airport capacity to match such forecasted demand. Some of them are as follows: 


e Providing the main users, i.e., airlines, passengers, and freight shippers, with a 
reasonably good quality of service at a reasonable and acceptable cost; 

e Enabling the airlines to expand and develop their networks and businesses in the 
preferable direction; 

e Improving the competitiveness of a given airport with respect to the other competing 
airports for the specific type of traffic; 

e Enabling development of a given airport as the main driver of the local, regional, and 
sometimes the national economy; 

e Enabling development of a given airport in the sustainable way, which implies the 
long-term increasing of the overall social benefits and diminishing of the negative 
impacts on the society and the environment, the latter mainly in terms of noise, air 
pollution, and land take; 

e Securing the institutional mechanisms for operationalization of a given airport’s 
Master Plan during the period of its implementation. 


The above-mentioned objectives are not all always explicitly considered in the Master 
planning documents. Instead, they are provided in the other accompanied documents such as 
the Capital investment plan, the Surface access strategy, Air quality, Noise and Biodiversity 
strategy, and Energy strategy. 

The final result from the above-mentioned process should be general enhancement of a 
given airport in order to be able to accommodate the current and the future demand more 
efficiently and effectively, and operate in the given airport cluster as a complementary 
element. The main elements of a given airport’s Master Plan are the executive summary, the 
activity forecast, the airside and the landside infrastructure requirements, the public 
consultation results, and the defined priorities and justification (ICAO, 1987; FAA, 2004). 

The executive summary describes the study design and the state, regional, and the local 
background and issues, in which a given airport operates. 

The activity forecast is closely related to the airport’s goals and measures of performance 
on the one hand, and an inventory of the current airport’s conditions on the other. 

The requirements for the airport airside and the landside infrastructure incorporate the 
alternative solutions for matching the airport capacity to the current and expected (usually 
growing) demand and an eventual impact of the environmental constraints. 

The public consultation usually, in addition to discussing and commenting the proposed 
alternative capacity solutions, points out the necessity for developing a given airport as the 
multimodal transport node at the state’s and the regional scale, by using the rail-based 
ground/access systems more. 

The defined priorities and justification relate to the policies for investigating 
recommendations for the particular solutions of the airport capacity improvements. 

After passing the public inquiry, usually through several steps of an iterative process, the 
initial draft of the Master Plan becomes an official and obligatory document for the airport 
operator and the other stakeholders involved. Nevertheless, depending on the traffic growth, it 
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always can come under re-evaluation and re-design. Further, once the process comes to the 
implementation phase, it starts with adoption of the plan, establishment of the advisory 
committee, determination of the public consultation process, and continues with application 
to the AIP grant, the governmental (CAA) approval, and the project management. 

Some of the most important elements of the airport’s Master Plan are further elaborated 
using the case of the London Heathrow airport (UK) facing the problem of the long-term 
matching the airport capacity to the growing demand. The problem appears illustrative since 
this is one of the busiest airports in the UK, Europe, and in the world, which is currently open 
for competition in the scope of the EU-US ‘Open Skies’ agreement (BAA, 2005; EC, 2007). 
The main principles of the DPS (Dynamic Strategic Planning) as the essential for the Master 
Plan are implicitly elaborated. 


9.2. THE AIRPORT INSTITUTIONAL ENVIRONMENT 


Commercial air transportation has been one of the fastest growing sectors of the world’s 
economy. During the period 1991-2007, the passenger and freight demand have grown by an 
annual average rate of 4.5% and 5.7%, respectively. This has happened despite disruptive 
events such as the global economic and political crises, the September 1 1" terrorist attack on 
the US, regional wars (Iraq) and the appearance of the large-scale epidemic diseases such as, 
for example, the SARS (Severe Acute Respiratory Syndrome) virus in the Southeast of Asia 
which temporarily undermined such growth. Anyway, the air transport planners and operators 
continue to count on the system’s long-term growth. Some predictions indicate that a similar 
growth is expected to continue at an average annual rate of 5% and 6.1%, respectively, over 
the forthcoming two decades, i.e. until the year 2025/26 (ACI Europe, 2001; AIRBUS, 2006; 
Boeing, 2007; Forbes, 2002). In addition to the general economic driving forces of the air 
transport demand, such as a raise in the national and the world’s GDP (Gross Domestic 
Product) and trade, in combination with the generally stagnating and/or even decreasing 
airfares, and despite the growing environmental concerns and constraints, some global 
aviation policy measures are also expected to stimulate such growth. 

One of the most recent acts relates to the liberalization of the air transport market 
between the EU (European Union) and US (United States), is the EU-US "Open Skies" 
agreement. The document, which became effective at the beginning of the second quarter of 
the year 2008, offers to both the EU and the US airlines a range of opportunities, which can 
be summarized as follows (EC, 2007): 


e Fairness and equality in competing for providing the international air transportation 
in the given market(s); 

e Flying rights across the territory without landing, a permission to stop in the territory 
for the non-commercial purposes, and a permission for flying between the third states 
while transiting both the EU and the US territory; 

e Free setup of routes, flight frequencies, airfares, and the aircraft capacities based 
mainly on the airlines’ commercial criteria; 

e Authorization for the airline’s ownership, investment, and control; 

e Sharing the common standards and procedures on the safety and security; 
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e Exclusion of all airlines and their services from the governmental subsidizing; and 
e Creation and implementation of the common measures for protecting the 
environment according to the international aviation policy. 


In general, the above-mentioned measures are expected to strengthen the existing and the 
new airlines’ competition by opening new routes, increasing flight frequencies, and reducing 
of airfares, which in turn will additionally stimulate a growth of demand already supported by 
the other global external (economic and social) driving forces. In such context, the main 
question is if and how the busiest airports at both sides of the market will be able to cope with 
such increasing demand. This is particularly important because these airports already operate 
under the different operational, economic, and the environmental constraints, which prevent 
their expansion and consequently gaining the additional airside and the landside capacity 
(EEC, 2006; FAA, 2004a). Nevertheless, they all have plans for the long-term matching of 
their capacities to the expected growing demand, which have become their crucial planning 
and policy issues at both the local and the national level. 


9.3. THE CURRENT AND PROSPECTIVE TRAFFIC BETWEEN 
THE EU AND THE US 


9.3.1. Passenger Traffic 


The US air transport industry carried out over 712 million passengers in the 2004, of 
which about 9% or 67 million traveled on international routes. In the same year, the EU air 
transport industry carried about 650 million passengers, of which about 34% traveled on the 
international routes (Boeing, 2007; Booz Allen Hamilton, 2007). 

The air passenger traffic between the EU and the US represents a substantive proportion 
of the above-mentioned international traffic of both regions. Figure 9.1 shows the past and the 
possible future development of the EU-US air traffic in terms of the annual volume of the 
RPKs (Revenue Passenger Kilometers). As can be seen, this traffic volume has continuously 
grown during the observed period (1986-2006) at an average annual rate of 4.4%. Some 
forecasts indicate that this growth will continue at an average annual rate of about 4.7% until 
the year 2026, and consequently the volume will reach about 1020 billion RPKs (Boeing, 
2007). 

The above-mentioned growth has been achieved by the growth in the number of 
passengers, which increased to 47.4 million in the year 2005. Figure 9.2 shows this growth of 
the passenger traffic during the period 1995-2005. As can be seen, the peak happened in the 
year 2000 and the significant drop after the September 11 2001 terrorist attack on the US. 
The process of traffic recovery has been relatively slow, but the volumes comeback to the 
previous highest values by growing at an average growth rate of 4.4%/yr, i.e. to about 48 
million passengers in the year 2005. 

The above-mentioned passenger traffic was carried by 14 (seven EU and seven US) 
airlines whose average load factor increased from about 60% in the beginning to about 80% 
at the end of the period. In particular, there was no indication that the load factor reduced 
after the September 11 2001 disruption (Booz Allen Hamilton, 2007). 
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Figure 9.1. The EU-US air passenger traffic in terms of the annual RPKs (Revenue Passenger 
Kilometers) (Compiled from: Boeing, 2007). 
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Figure 9.2. The EU-US passenger traffic in terms of the annual number of passengers (Compiled from: 
Booz Allen Hamilton, 2007). 


The passenger traffic in Figures 9.1 and 9.2 relates to the EU countries with and without 
the individual "Open Skies" agreement with the US during the observed period. Those who 
have not had such agreement such as the UK, Ireland, Greece, Spain, and Hungary could not 
gain the related benefits. The expectation is that not only these, but also all other EU member 
states will start to gain benefits from the agreement in terms of the growing traffic and the 
related social welfare. Such an increased number of passengers has been estimated for the 
cases when the agreement would not and when it would be in place from the certain moment 
in time (Booz Allen Hamilton, 2007). In the former case, the average annual air traffic growth 
rate is assumed to be 4.9%, which is close to the Boeing’s and the Airbus’s long-term traffic 
forecast (AIRBUS, 2006; Boeing, 2007). In the latter case, the average annual growth rate 
6.4% is assumed, where the extra growth rate of about 1.5%/yr is assumed to be just driven 
by the agreement. By applying these rates to the information in Figure 9.2, it is reasonable to 
expect that between 80 and 100 million passengers will fly between the EU and the US each 
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year in about a five to ten year time (i.e. until the year 2015-2017), and about 100-150 million 
in the year 2025/26 (Boeing, 2007). 


9.3.2. Freight Traffic 


The North Atlantic airfreight transport market has generally shared about 25% of the 
world’s air cargo volumes in the year 2004. In terms of the value of goods, the market was 
growing during the period 2000-2005 at an average annual rate of 3.1%. In terms of the 
weight of goods, the market accounted about 2.0 million tons in the year 2005, while 
declining at an average annual rate of —0.9% since that time until the year 2005. Similar to the 
value, the weight of goods was also imbalanced with about 1.1 million tons in the westbound 
and 0.9 million tons in the eastbound direction. The fleet, which carried out these goods, 
consisted of a part of the EU and of the US air cargo fleet of 171 and 968 aircraft, 
respectively, which shared about 78% of the total world’s air cargo fleet. Some predictions 
indicate that the freight transport in the market will continue to grow in the long-term at an 
annual rate of 5.6% until the year 2026 in terms of the values of goods (Boeing, 2007). In 
addition, the EU-US “Open Skies” agreement is expected to generate an additional growth 
rate of about 1.5-3.0%/yr (Booz Allen Hamilton, 2007). 


9.4. INFLUENCE OF THE CLOSE COMPETING AIRPORTS 
9.4.1. Characteristics of the Market 


The most exposed airports to the expected traffic growth stimulated by the EU-US “Open 
Skies” agreement on the European side will likely be those currently playing the main role: 
London Heathrow (UK), Amsterdam Schiphol (the Netherlands), Paris Charles de Gaulle 
(France), and Frankfurt Main (Germany). They have developed as the main hubs of three 
main airline alliances, i.e. Oneworld, Sky Team, and STAR alliance, respectively, through a 
gradual process. For example, the merging of Air France and KLM and the Sky Team and 
Wings alliances has created the opportunity for a further consolidation of the primary hub of 
the Sky Team alliance, Paris Charles de Gaulle airport. In addition, this has resulted in 
allocating a rather secondary role in the alliance’s global network to the former hub of the 
Wings alliance, Amsterdam Schiphol airport. The STAR alliance continues to consolidate its 
mega-network around the present Lufthansa’s national primary and the secondary hubs, 
Frankfurt Main and Munich airport, respectively. The similar development in terms of the 
network consolidation may be expected at the London Heathrow (British Airways) airport 
and the Madrid Barajas (Iberia) airport after a further consolidation of the Oneworld alliance. 
In addition, the alliances’ leaders have used the hubs of their intercontinental partners in order 
to reach the markets beyond them. 

The above-mentioned developments have enabled these airlines and alliances to gain the 
substantive market shares at their European hubs with about 35-45% of the transfer 
passengers. Table 9.1 gives the example of the market presence of particular airline alliances 
at each other main hubs, thus indicating the strength of their competition there. 
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Table 9.1. The market share of the airline alliances at their European hubs 




















Airport Market share of the alliance (%) 
STAR Sky Team Oneworld 

Frankfurt Main 70 (59) 4 1 

Paris Charles de Gaulle 9 63(57) 7 

London Heathrow 25 5 50 (41) 

Amsterdam Schiphol 8 59(53) 7 




















Source: EC, 2002; 2003 

The market share of the main airline, i.e. of the leader of an alliance is given 
in parentheses; ” The complement to 100% is the market share of the other 
airlines; 


As can be seen, ultimately the strongest competition has taken place at the London 
Heathrow airport. There, the ratio between the market shares of a dominant alliance and the 
other alliances has been about 50:30. The weakest competition has taken place at the 
Frankfurt Main airport where this ratio has amounted 70:5. 

The number of the EU and the US airlines served the North Atlantic market from the 
above-mentioned airports and the airport load factors for these airlines for the period 2001- 
2005 are given in Table 9.2. 


Table 9.2. Characteristics of the main EU and US airlines operating in the North 
Atlantic market to/from the main European hubs (the period 2001-2005) 




















Airport The main EU airlines The US airlines 
Number | Average load Number Average load 
factor (%) factor (%) 
Frankfurt Main 1 82.5 6 81.4 
Paris Charles de Gaulle | 1 80.8 7 79.0 
London Heathrow 2 77.0 2 79.7 
Amsterdam Schiphol 2 86.8 4 79.2 























Source: Booz Allen Hamilton, 2007. 


It is evident that the greatest number of the US airlines has operated at the Charles de 
Gaulle and Frankfurt Main airport (7 and 6, respectively), and the smallest at the London 
Heathrow airport (only 2). In addition, the average load factor, typical for the long haul 
traffic, of the EU airlines has been slightly higher at all airports than that of the US airlines 
except at the London Heathrow airport. The US American and United Airlines and the 
European BA (British Airways) and Virgin Atlantic have operated four routes between the 
Heathrow airport, and New York, Washington DC, Chicago, and Los Angeles airport. 

The other relevant traffic characteristics of the above-mentioned European hubs in terms 
of the total number of atm (air transport movements), the volumes of passengers, the number 
of weekly departures to the US, and a share of the North Atlantic passengers in the 
corresponding totals in the year 2007 are given in Table 9.3. 
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Table 9.3. Characteristics if traffic of the main European hubs in the year 2007 




















Airport Atm Passengers | Flights Share of the 
(thousands) | (million) (departures/week) | NA” traffic (%) 

Frankfurt Main 489.4 52.8 141 - 

Paris Charles de Gaulle | 495.4 56.8 155 9.8 

London Heathrow 476.7 67.9 386 20.6 

Amsterdam Schiphol 465.7 47.8 75 12.0 




















Source: Aeroports de Paris, 2007; BAA, 2007; Fraport, 2007; Schiphol Airport, 2007; 
D North Atlantic. 


As can be seen, both the relative and absolute share of the North Atlantic passengers in 
the total number of passengers has been the greatest at the London Heathrow airport, which 
coincides with the greatest number of weekly departures scheduled in the market. 

9.4.2. Characteristics of the Airport Capacity 

The most important characteristics of the capacity of the above-mentioned four airports 

such as the number of active runways, the hourly and annual maximum number of atm, and 


the land taken by the airport are shown in Table 9.4. 


Table 9.4. Characteristics of the capacity of the main European hubs 




















Airport Active Capacity Capacity ” Land taken 
runways | (atm/h) (thousand atm/yr) (ha) 

Frankfurt Main 3 80 492 1397 

Paris Charles de Gaulle | 4 114 687 3309 

London Heathrow 2 78 480 1227 

Amsterdam Schiphol 5 106 638 2147 




















Estimated for the period of 16.5 h/day. 
Compiled from: Aeroports de Paris, 2007; BAA, 2007; Fraport, 2007; Schiphol Airport, 2007. 


As can be seen, Paris Charles de Gaulle airport has the greatest potential capacity 
followed by Amsterdam Schiphol airport. However, both airports occupy the greatest area of 
land, which correlates with the number of runways they operate. The London Heathrow 


airport has the lowest capacity and occupies the smallest area of land as compared with its 
counterparts. 


9.5. ELABORATION OF THE GIVEN AIRPORT CASE 


9.5.1. The Operational Environment of Airports in the London Area 


The London area in the South East of England (UK) is one of the busiest air transport 
regions in Europe and in the world. Five airports independently of each other because of the 
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specificity of their demand in terms of business and leisure passengers and type of air carriers 
handling them serve this area. The biggest two are the London Heathrow and Gatwick airport. 
At the Heathrow airport, BA (British Airways) and its subsidiaries, the BA’s partners from 
Oneworld alliance, share about 50% of the total market (Table 9.1). At Gatwick airport, in 
addition to the charters and the fast growing LCCs such as Ryanair and EasyJet, BA, and 
Oneworld alliance also keep the market share of about 53% (Poortvliet and Kappers, 2002). 

At Stansted airport, the charters and LCCs such as Go, recently taken over by EasyJet, 
and Ryanair have boosted a high growth of demand. Due to the specificity of this demand, 
which prefer the low prices, disliking the large hubs, and the “weakness” of connectivity to 
the other London airports, this airport has developed independently similarly to the Luton 
airport where the LCC EasyJet has also boosted the high growth of both the business and the 
leisure passenger demand. Despite the fact that the Luton airport has been connected to the 
Gatwick airport by the direct rail connection, there has not been any evidence about the 
eventual complementarity of their services. At the London City airport, nine regional carriers 
have served mostly the business passengers. Because of the specific configuration and 
location, this airport has also operated independently of the others (see Figure 4.5) (Poortvliet 
and Kappers, 2002). 


9.5.2. The Main Airport Characteristics 


The London Heathrow airport, as the biggest and most important airport in the London 
area, may be particularly influenced by the EU-US “Open Skies” agreement. Some thoughts 
suggest that the agreement is just for ‘opening’ the Heathrow airport to more competition on 
the one hand, while also saving its very important asset-role for the London area and the 
entire UK air transport system and the economy, on the other. It seems that at the airport, 
matching the capacity to the expected growing demand on the long-term will be particularly 
complex but also crucially important because of the following reasons (BAA, 2007; Janic, 
2004; 2008): 


e The airport is third place in the world in terms of the annual number of passengers 
accommodated in the year 2007 (almost 68 million). It is at the top of the list in terms 
of the annual number of the international passengers (about 62 million) (BAA, 
2007); 

e In the year 2007, among five London airports, the airport shared about 44% of the 
total number of atms, 54% of the total number of passengers, and 72% of the total 
volumes of freight (CAA, 2007); 

e In the year 2007, the airport accommodated 14% (476 thousands) of the total UK 
atms, 34% (about 68 million) of the total UK air passengers, and 60% (about 1.3 
million tons) of the total UK aircargo (CAA, 2007); 

e About 80% of all passengers had their origins and destinations in the Southeast of 
England and about 53% in the inner and in the outer London area. The proportion of 
connecting passengers was about 20% (BAA, 2005); 

e The original Master Plan for the airport specifies operating 9 runways, i.e. three sets 
of three parallel runways, with the centrally located main mega passenger terminal. 
Currently, the airport operates a pair of parallel runways and the four not-physically 
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Da -Average delay - min/arrival 


connected passenger terminals (the fifth one is just opened in March 2008). The 
aircraft are parked on 166 apron-parking gates/stands. With the fully developed fifth 
terminal, this number will increase to 187 stands including 37 stands for Airbus 
A380 (AIRBUS, 2006: BAA, 2005). The airport currently operates under the 
environmental constraints in terms of noise and land take, which affect the capacity 
of the runway system by: i) constraining the use of runways to achieve the maximal 
operational capacity, and ii) restricting the land take for the physical (spatial) 
expansion of the airport airside infrastructure outside the existing airport area. The 
two parallel runways operate exclusively in the “segregated” mode due to the 
existing noise constraints (Cranford agreement from the 1950s). This implies that one 
runway is used exclusively for landings and the other for take-offs. Each runway has 
the sustainable operational capacity of 39 atm/h, which provides the total hourly 
capacity of the runway system of 78 atm/h and the annual capacity of 480 thousand 
atms, which is also the cap set up by the slot regulator BAA (Caves and Humphreys, 
2002; BAA, 2004). In the year 2007, the average utilization of the above-mentioned 
capacity reached almost 99%, but the demand for slots has always been about 20% 
higher than the available capacity. Such high demand/capacity ratio has caused an 
increase of the average delay in the year 2007 to about 18 min/atm as shown in 
Figure 9.3. 





Da = 0,4439e0.9362 Aan 
Fe = 0,8596 








0 5 10 15 20 25 30 35 40 
AAD - Average arrival demand - ops/h 


Figure 9.3. The delay—demand relationships for the arrivals at the London Heathrow airport (Compiled 
from: ACL, 2007). 


In addition, the average delay per delayed arrival and per delayed departure in the year 
2007 amounted about 23 min and 19 min, respectively. Also, about 21% of all arrivals 
and 17% of all departures were delayed (ACL, 2007; EEC, 2006); 
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e The passenger terminal complex with the designated capacity of 58 million 
passengers per year has been over-saturated for a long time up to the level of about 
17% in the year 2007 (about 68 million passengers accommodated). A convenient 
modernization and modification prevented a significant deterioration of the quality of 
service but could not prevent a high vulnerability of operations to even the small- 
scale disruptions. Nevertheless, after about 16 years of public inquiry and five years 
of construction work, the newly-opened passenger Terminal 5 (T5) with the 
projected capacity of about 30-35 million passengers/yr is expected to substantively 
increase the overall capacity of the entire passenger terminal complex and 
consequently diminish the current high vulnerability of services to disruptions (ACL, 
2007; BAA, 2005; DETR, 2002); 

e As the main UK gateway for the intercontinental, particularly the North-Atlantic 
traffic, the Heathrow airport competes with the other European hubs and the 
intercontinental gateways, which do not have such severe constraints on the capacity 
expansion (see Table 9.1). This may make them more attractive in the future. Some 
analyses indicate that since the year 1994, the Heathrow airport has been ‘losing’ 
about 2% of the prospective traffic per year mainly due to the persistent congestion 
(EC, 2000); 

e The common airport operator BAA (British Airport Authority) manages the 
Heathrow together with Gatwick and Stansted airport presumably including their 
coordinated long-term development, use, and sharing of the spare capacity with each 
other. However, this does not seem to be the case; 

e Currently, the Heathrow airport directly employs about 68 thousands people, which 
is of the greatest importance for the local economy (BAA, 2005, 2007): and 

e The UK Government has discussed a consultation document about expansion of the 
airport capacity in the Southeast of England (and the rest of the UK) for a long time. 
In this document, the London airports and particularly Heathrow airport have 
occupied the central attention (BAA, 2005; DETR, 2000, 2001; 2002). 


9.5.3. Traffic Demand 


An analysis of the past traffic at the London Heathrow airport is carried out by using the 
data from the period 1991-2007 (BAA, 2007). Figure 9.4 (a, b, c) illustrates such 
development. 

As can be seen, the demand was generally growing at different rates over the years. In 
Figure 9.4a, the average growth rate of the total annual number of atm during the observed 
period was about 2.2%, which amounted about a half of the average growth rate for the 
system of five airports, 4.8%. As Figure 9.4b shows, during the same period, the average 
growth rate of the annual number of passengers was about 4.2% or about two thirds of the 
corresponding growth rate of five London airports, 6.1%. Consequently, the passenger traffic 
at Heathrow airport was growing twice as much faster than the number of atm, which 
indicated an increase in the average aircraft size and the load factor. Figure 9.4c shows that 
the average number of passengers per atm was generally increased, however, at a decreasing 
rate, over the observed period, from about 111 in the year 1991 to about 142 in the year 2007 
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(i.e. for about 28% or at an average of 1.75%/yr). Overall, about 20% of the above-mentioned 
passengers were the transfer passengers (BAA, 2007). 


ATM - thousand/year 


Passengers - million/year) 


Passengers/atm 


Figure 9.4. 
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Development of the air transport demand at London Heathrow airport (Compiled from: 


BAA, 2007). 
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9.5.4. Capacity 


The current operational capacity of two parallel runways at the Heathrow airport 
operating in the ‘segregated’ mode is 78 atm/h (BAA, 2005; EEC/ECAC, 2002). If the airport 
runway system operates under conditions of constant demand over the period of about 17 
h/day during 365 days per year, the total annual capacity will be at the level of the noise cap 
of 480 thousand atm, i.e. 78 atm/h x 17 h/day x 365 days/year = 480000 atm/yr (BAA, 2005). 
The heavy line A in Figure 9.5 shows the capacity envelope for the above-mentioned 
scenarios of using the two-runway system. The heavy line A represents the capacity of two 
parallel runways used in the “segregated” mode. The dotted line B shows the capacity 
envelope for using the two runways in the “mixed” mode. The light dotted line C shows the 
capacity coverage curve for using the three-parallel runways in different modes. The last two 
cases are discussed in the sub-section 9.6.4. 


A — Two runway system — segregated mode 
B - Two runway system -— mixed mode 
C - Three runway system — segregated mode 


Departures per hour 





0 20 40 60 80 100 120 
Arrivals per hour 


Figure 9.5. The capacity envelope for using the two and the three runway system in the “segregated” 
and the “mixed” mode at London Heathrow airport (Compiled from: Janic, 2008). 


The apron/gate complex has contained 166 aircraft parking stands, of which 101 are 
attached directly to the piers/passenger terminal buildings. The rest is accessible by buses. 
About 100 stands enable parking of the largest aircraft of jumbo type (B747/B777, A340/330) 
and about 40 stands parking of the medium aircraft type (A319/320) (BA, 2005). 

The projected airport capacity in terms of the annual number of passengers (4 existing 
terminals) has been about 58 million/year. This capacity was reached by the passenger 
demand in the year 1997. In the first quarter of the year 2008, the new Terminal 5 with the 
capacity of about 30-35 million passengers per year had been opened. The airline alliances 
use these terminals as follows: Oneworld (BA) Terminals 3 and 5 (T3, T5), STAR 
(Lufthansa, BMI) Terminals 1 and 2 (T1, T2), and Sky Team (Air France-KLM) Terminal 4 
(T4) (BAA, 2003; Nichollas and Maslen, 2008). 
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9.5.5. The Ground Access Systems 


The existing airport ground access/leave system includes the individual component 
containing the private car and taxi, and the public systems such as bus, underground (tube), 
and the rail transport system. Some evidence indicates that during the period 1998-2007, 
about 35% of the total OandD (Origin-Destination) passengers used the public transport 
systems. The rest relied on the individual car and taxi. In such context, the tube and bus 
transport system were approximately in equal proportion. The surface rail was used the lowest 
but with an increasing share in the total over time. The airport employees (currently 68400 
people) mainly used the individual car (about 78-80%) for the daily commuting to/from the 
airport. Nevertheless, the use of public transport by this category of people increased to about 
22% at the end of the observed period (BAA, 2005. 2007). 


9.6. PREDICTING THE DEMAND AND PROVIDING THE CAPACITY 


9.6.1. The Scope 


Regarding the above-mentioned facts, the question arises if and how the London 
Heathrow airport will be able to manage the prospective future traffic growth particularly 
after its full direct ‘opening’ towards the US and indirectly towards the other global air 
transport markets through the EU-US “Open Skies” agreement. For such a purpose, the 
different scenarios for predicting the air traffic demand, solutions for providing the capacity 
and their matching in the long-term are elaborated. These scenarios are based on the 
analyzing of the past and forecasting the future demand on the one hand, and on the most 
recent planning concepts for providing the capacity, on the other. In such a context, the “past” 
embraces the period 1991-2007 and the “future” the period 2008-2020 (Janic, 2008). 


9.6.2. Assumptions 


In designing the medium- to long-term scenarios for matching the capacity to the demand 
at London Heathrow airport, the assumptions are introduced as follows (Janic, 2008). 


e The level of airport saturation as the ratio between the demand and the capacity for a 
given period of time (hour, day, year) of both the airside and the landside area is used 
as an exclusive criterion for decision about the capacity’s expansion (solution) and 
the time of its operationalisation; 

e The physical expansion of the airport infrastructure is an exclusive option to cope 
with the long-term growing demand. This implies that the effects of the other 
strategic and tactical measures for improving the capacity’s utilization and for the 
demand management such as, for example, changing the runway system operating 
mode, introducing the innovative operational procedures and technologies, the slot 
re-allocation, and the congestion charging, are perceived to have a rather limited and 
temporal effect; . 
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e Forecasting of the airport demand in terms of the number of atms and the number of 
passengers is carried out separately and with an assumption about the evolution of 
the average aircraft size and the load factor. Up to date, the airport charging policy 
has encouraged the access of the larger aircraft, the trend assumed to generally 
continue in the future (Caves and Humphreys, 2002). There are few reasons for such 
expectations: i) if the lack of slots, the ‘slot charging policy’, and increasing pg the 
charges stay in place to keep the number of atm within the prescribed cap, the 
airlines will generally continue to use the larger and fuller aircraft in order to utilize 
these scarce and the rather expensive slots more efficiently; an indication of such 
airline policy is that the number of domestic destinations served by the smaller 
aircraft has decreased from 18 to 8 over the past twenty years (Nicholls and Maslen, 
2008); ii) the market share of BA and its Oneworld alliance’s partners and 
subsidiaries will tend to increase (above 50%) due to the further enhancing of the 
traffic concentration on the most profitable routes and increasing of the number of 
transfer passengers; in particular the new passenger terminal (T5) will allow more 
efficient and reliable passenger and baggage transfer since the process will be carried 
out under a ‘single’ roof; iii) the eventual charging of externalities may further 
remove some of the UK and European short-hauls as unprofitable and thus free more 
slots for the long haul flights using the larger aircraft (Janic, 2003); iv) the super 
jumbo A380 to be handled at Terminal 5 (T5) will certainly make particular 
contribution to increasing of the aircraft size (The Airbus’ traffic forecast considers 
the London Heathrow airport as one of the main airports in the network operated by 
the largest A380 (Airbus, 2006); v) the EU-US “Open Sky” agreement will 
contribute to such expectations; and vi) despite increase in the average aircraft size, 
the airlines will continue to consider the flight frequencies as their competitive tool 
as soon as the additional slots thanks to increasing of the runway system capacity 
become available; 

e The airside and the landside capacity can be built independently according to the 
common practice at many airports; and 

e The capacity of the London’s terminal airspace in terms of the number of atm is 
supposed to be able to cope with any expansion of the runway system at the 
Heathrow and the other London airports as well. 


9.6.3. The Airport Traffic Demand 


Two sets of scenarios for predicting the airport traffic demand in terms of the annual 
number of atm and the annual number of passengers are considered. Scenarios for the air 
cargo demand are not considered. The first set of scenarios contains the so-called “realistic” 
scenarios and the other set contains the so-called “pessimistic” scenarios. Both sets of 
scenarios are supposed to be the upper and the bottom envelope, respectively, embracing all 
possible cases of developing the airport traffic demand (DETR, 2002; Janic, 2008). 


¢ The “Realistic” Scenarios 
The “realistic” scenarios are based on the extrapolation of the past trends implying that 
the main demand-driving forces will act in the future in the same way as they did in the past. 
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These forces may include a further increase in the GDP, safeguarding London’s position as a 
world city and financial centre and its value for the national and the regional economy, the 
continuous globalization of the UK economy and society, and implementation of the policies, 
which would further stimulate attractiveness of the airport. Certainly, some of these policies 
are the EU-US “Open Skies” agreement and mitigating the present noise cap on atms, the 
further liberalization of the access for the non-EU airlines and consolidation of the airline 
alliances offering the more attractive flights, connections, travel packages, and the airfares. 
For example, at the beginning of the agreement (April 2008), four additional US airlines 
gained slots at the airport (US Airways, Delta, Continental, and Northwest Airlines), which in 
addition to American and United Airlines, which already operated in the market, brings the 
total number of US airlines to 6. (Barret, 2000; Booz Allen Hamilton, 2007). 

According to the “realistic” scenario, the annual number of atm is expected to grow 
similarly as in the past (1991-2007) by an average rate of 2.2% during the period 2007-2020, 
i.e. to about 508 thousands in 2010, 567 thousands in 2015, and 632 thousands in the year 
2020. They are all greater than the current BAA’s cap of 480 thousand atm/yr. Over the same 
period, the annual number of passengers is expected to grow similarly as in the past (1991- 
2007) by an average annual rate of 4.2%, i.e. to about 77 million in 2010, 94 million in 2015, 
and 116 million in the year 2020. 


¢ The “Pessimistic” Scenarios 

The “pessimistic” scenarios use the reduced annual growth rates, which might imply 
growth of the matured but persistently congested airport despite its ‘opening’ by the EU-US 
agreement. According to these scenarios, the growth of demand is expected to be slowed- 
down due to some policy measures such as discouraging the access of the short-hauls by 
charging externalities, offering the compensatory slots at the other London and the UK less 
congested airports (Stansted, Luton, Birmingham, Manchester), and diverting a part of the 
induced short-haul demand to the surface High-Speed transport modes (EC, 2002; Janic, 
2003; 2008). At the same time, the slow-down of the demand’s growth may come from the 
airport and the airline competition. On the one side, the close European hubs with the less 
capacity problems such as Amsterdam Schiphol, Paris Charles de Gaulle, and Frankfurt Main 
are expected to continue to compete with the Heathrow airport. On the other, growth of the 
regional LCCs such as Ryanair and EasyJet may redirect the newly induced regional demand 
from the Heathrow to the other London airports (Figure 4.5). Finally, the persistent 
congestion and a shortage of the additional slots because of maintaining the noise cap on the 
atms may constrain the existing and deter the potential new entrants. Consequently, the 
number of atms is expected to grow at an average annual rate of 1.4%, i.e. to about 497 
thousands in the year 2010, 532 thousands in the year 2015, and 571 thousands in the year 
2020. They are all greater than the present cap. In addition, the annual number of passengers 
is expected to grow at an annual average rate of 3%, i.e. to about 74 million in the year 2010, 
86 million in the year 2015, and 100 million in the year 2020 (Janic, 2008). 


¢ The Average Aircraft Size 

By combining the corresponding “realistic” and “pessimistic” scenarios, the growth rates 
of the average number of passengers per atm (i.e. the average aircraft size) of about 1.8% and 
1.6%, respectively, are expected. Thus, the “realistic” scenario estimates 150 pax/atm in the 
year 2010, 164 pax/atm in the year 2015, and 179 pax/atm in the year 2020. The “pessimistic” 
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scenario predicts 149 pax/atm in the year 2010, 161 pax/atm in the year 2015, and 175 
pax/atm in the year 2020. For comparison, under an assumption that the noise cap on the atm 
will stay in place, BAA predicts 163 pax/atm in the year 2010, 179 pax/atm in the year 2015, 
and 192 pax/atm in the year 2020 (Figure 9.4c) (BAA, 2005; Janic, 2008). 


9.6.4. The Airport Capacity 


* The Runway System 

For providing the runway system capacity to cope with the above-mentioned growth of 
demand, three medium-to long-term solutions shown in Figure 9.5 are considered. 

Solution 0 called “do nothing solution” assumes that independently of the growing 
demand, the cap on the annual number of atm, which already takes into account all existing 
and prospective environmental constraints is likely to stay in place, i.e. at 480 thousand per 
year. The capacity envelope A in Figure 9.5 shows the hourly capacity for this case. In 
particular, in addition to using the parallel runways 27L/R and O9L/R in the “segregated” 
mode, i.e. one exclusively for arrivals and another for exclusively for departures, the cap also 
implies change of type of operations (arrivals/departures) between the ‘north’ and ‘south’ 
runway at 3 p.m. every day in order to additionally mitigate the noise burden. 

Solution I called “changing the runway operating mode implies changing the current 
“segregated” mode into the “mixed” mode implying using both runways simultaneously for 
arrivals (78 atm/h), simultaneously for departures (78 atm/h), and simultaneously for the 
mixed operations (1.e. 48 arr/h + 48 dep/h = 96 atm/h). The capacity envelope B in Figure 9.5 
shows this case. With the hourly capacity of 96 atm/h, the annual capacity could be 560640 
atm /yr, which is for about 23% higher than the present cap (480 thousand atm/yr) (i.e. 96 
atm/h x 16 h/day x 365 d/yr = 560640 atm/yr). However, despite being operationally 
straightforward and simply implemental, this solution implies ‘modification’ of the present 
noise cap (ACL, 2007; BAA, 2005; Jnaic, 2008). 

Solution 2 called “building the new runway” assumes building the new third parallel 
runway at the north of the existing two (BAA, 2005; ICAO, 1987). If three parallel runways 
accommodate simultaneously and exclusively arrivals, exclusively departures, and if they 
operate in the “segregated” mode, i.e. one for departures and two for arrivals, or vice versa, 
their hourly capacity will be 117 atm/h and the annual capacity 117 atm/h x 16 h/day x 365 
days/yr = 683280 atm/yr. If two parallel runways operate in the “segregated” mode and the 
third one in the “mixed” mode, their total hourly capacity will be 128 atm/h. The capacity 
envelope C in Figure 9.5 shows this case. The annual capacity will be 128 atm/h x 16 h/day x 
365 day/yr = 747520 atm/yr. This is for about 56% greater that the present cap. Finally, if 
each runway operates in the ‘mixed’ mode, the hourly capacity of the three-runway system 
will be 144 atm. The capacity envelope C in Figure 9.5 shows this case. The corresponding 
annual capacity for the operating all three runway in the “mixed” mode would be 3 x 48 
atm/h x 16 h/day x 365 days/yr = 840960 atm/yr. However, implementation of the above- 
mentioned solution requires at least 230 ha of the new (agricultural) land and demolishing 
about 700 residential properties outside the present airport area. Despite claims that the noise 
will stay within the present noise ‘footprint’ of 127 km”, the additional population will likely 
be exposed to the aircraft noise (see Figure 10.4 in Chapter 10) (BAA, 2005; Janic, 2008). 


, 
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* The Apron/Gate Complex 

The number of apron/gate parking stands is expected to increase from the current 166 to 
187. The major changes will be provision of 35 stands for the largest A380 and 84 stands for 
the B747 like aircraft, which clearly indicates that the airport continues to count on increasing 
of the average aircraft size. 


¢ The Passenger Terminal Complex 

Two solutions for providing the passenger terminal capacity is considered as follows: 

Solution I called “building the new passenger terminal within the existing airport area” 
implies the full operationalization of the new (fifth) Terminal (T5) with the capacity of about 
30-35 million passengers per year. This will mean increasing the existing four-terminal 
capacity from the current 58 to about 90-95 million passengers, i.e. for about 59%. 

Solution 2 called “building the new passenger terminal in addition to the new runway” 
includes a gradual building of the new passenger terminal for about 40 million passengers per 
year together with the new (third) parallel runway. This terminal is expected to operate 
together with the other five terminals in Solution I (Solution 2 of developing the runway 
system capacity). This will increase the total annual capacity of the passenger terminal 
complex from 90-95 (Solution 1) to about 130-135 million passengers, i.e. for additional 
43%. 


¢* The Ground Access Systems 

The expected increase in the number of passengers and the related increase in the number 
of the airport employees will require the sufficient capacity of the ground access systems in 
combination with the efficient and effective services. For example, at many airports 
worldwide, increase in the number of passengers for one million has usually required increase 
in the number of the airport employees for about one thousand (Janic, 2007). Under such 
circumstances, the main objective is to increase the proportion of use of the public transport 
systems from the current 35% to about 40%. Two solutions are considered for achieving this 
objective: the investments and the economic-policy measures. The former relate to upgrading 
of the rail and bus systems. Upgrading of the rail system includes introducing the new rail 
services such as the Heathrow Connect (stop-train connecting London to the airport) in 
addition to the already existing Heathrow Express, both extended to the new Terminal 5 (T5). 
In addition, the Crossrail spreading between the East and the West, and the South and the 
North of the country, passing through the Heathrow airport, is expected to be operationalized 
by the year 2015. Finally, the Airlink is the initiative aiming to provide the rail connection 
between the airport (T5) and the South West of the country. The London Heathrow airport is 
the second busiest bus hub outside the London area and currently it is well connected by the 
long-distance bus services to the rest of the country. It is expected that these connections will 
further improve by including T5 in the existing (express) bus service network. In addition, the 
local bus network partially subsidized by the airport will continue to offer attractive services 
to/from the central London. Finally, it is reasonably to expect that new Terminal 6 (once 
being built) will be included in the network of public transport systems (BAA, 2005). 

The economic-policy measures include the demand management by the car parking, and 
the road users’ charging. The former implies reducing the car occupancy across the airport by 
stimulating sharing the cars in combination with providing the preferential parking space, 
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walking/biking, and the alternative working style of the airport employees. The latter implies 
charging the car users in the airport area in order to deter them from using a car (BAA, 2005). 


9.6.5. Scenarios for Matching the Capacity to the Demand 
Three solutions for providing the runway capacity and two solutions for providing the 
passenger terminal capacities are listed. The scenarios for providing the additional capacity of 


the airport access systems are not particularly considered (Janic, 2008). 


a) Solutions for providing the runway system capacity 





¢ Solution 0 (Do nothing) provides 480K atm 

e Solution 1 (2 Existing runways operating in the “mixed” mode) provides 560K atm 

e Solution 2 (2 current + 1 New Runway, all operating in the “segregated” mode) 
provides 683K atm 





b) Solutions for providing the passenger terminal complex 





e Solution 1 (Open Terminal 5): Provides 90-95 M Passengers 
e Solution 2 (Build Terminal 6): Provides 130-135M Passengers 





The above-mentioned figures are slightly different than those in documents on the public 
inquiry on expansion of Heathrow airport, mainly due to the slight difference in considering 
the airport daily operating time (longer in the present case) (BAA, 2005; DETR, 2002). In 
order to satisfy the expected demand in terms of both the number of atm and the number of 
passengers as they increase over time according to both the "realistic" and the "pessimistic" 
scenario of growing demand, three scenarios are defined from the above-mentioned solutions 
as follows: 


Scenario | 

e "Realistic"/"Pessimistic" traffic demand 
e The atm capacity: Solution 0 

e The passenger capacity: Solution 0 


Scenario 2 

e “Realistic’/“Pessimistic" traffic demand 
e The atm capacity: Solution 1 

e The passenger capacity: Solution 1 


Scenario 3 

e "Realistic” traffic demand 

e The atm capacity: Solution 2 

e The passenger capacity: Solution 2 


The characteristics of particular scenarios including the time of their operationalisation 
are shown in Figure 9.6 (a, b, c). Despite seeming independent, these scenarios are mutually 
interrelated since each new scenario originates from the previous one (Janic, 2008). 
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Figure 9.6. Scenarios for matching the capacity to the demand at London Heathrow airport (The past 
data compiled from: BAA, 2007; Janic, 2008). 
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Scenario 1 

Figure 9.6a shows that the runway system already operates under the saturated conditions 
in terms of the atms. Figure 9.6b shows saturation of the passenger four-terminal complex of 
about 17%, which is currently mitigated by a gradual operationalization of the fifth terminal 
(T5) at the beginning of the second quarter of the year 2008. Depending of the growth of 
passenger demand, this operationalization can be carried out presumably, as the three stage 
process as shown in Figure 9.6b. However, if the cap on the atms stays in place, the number 
of passengers will likely be constrained up to about 70-75 million while the utilization of the 
passenger terminal capacity of about 95 million (five terminals) is expected to increase to 
about 78%. On the one hand, such development can certainly protect the service quality for 
the accommodated passengers, but on the other, it may cause spillage of demand towards the 
other London, UK, and the close European competing airports. In such a case, growth of the 
airport may be significantly compromised (Janic, 2008). 


Scenario 2 

Changing the runway-operating mode seems to be necessary in the year 2009 in order to 
mitigate the present saturation of the two-runway system of about 99% and consequently 
prevent a further increase in the aircraft delays and diminish the current high vulnerability of 
the airside operations to disruptions of any kind. According to the “pessimistic” scenario” of 
growing atms, such increase is expected to postpone the next saturation of the runway system 
capacity until the year 2015 (Figure 9.6a). In the same year (2015), Terminal 5 (T5) is 
expected to be completely operationalized but also saturated according to the “realistic” 
scenario of growing passenger demand. If demand continues to grow according to the 
“pessimistic” scenario, the five passenger terminal complex will likely come to saturation 
latter, around the year 2017 (Figure 9.6b) (Janic, 2008). 


Scenario 3 

In order to provide relief for the airside congestion in Scenario 3, the new runway needs 
to become operational in the year 2015. Referring to the current practice of carrying out the 
public inquiries and implementing such investment projects (about 10 years); this term seems 
to be realistic only if construction of the new runway starts in the year 2009. With respect to 
the “realistic” scenario of growing the atms, the new runway will provide the sufficient 
capacity until around the year 2025 if the three-runway system continues to operate in the 
“segregated” mode (Figure 9.6a). Around the year 2015, the new passenger Terminal (T6) 
needs to be operationalized in order to mitigate the saturation caused by the “realistic” 
scenario of growing passenger demand. The new incrementally added capacity is expected to 
postpone the next saturation of the capacity of the passenger six-terminal complex until the 
year 2019, and later depending on the gradual implementation of the additional capacity. 
Actually, realization of this scenario will mean incorporating the new completely developed 
single-runway airport into the existing airport layout. Consequently, around the year 2020 the 
airport layout would look like as shown in Figure 9.7 (BAA, 2005; Janic, 2004; 2008) 

The above-mentioned analysis indicates that the airport master planning remains the 
challenging and a rather complex issue due to many constraints and barriers to implementing 
particular solutions. The airport planners are continuing to face even more future barriers and 
restrictions, which will force them to look for compromising solutions all the time. The 
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airport operators and the airline industry will need patience in many cases before some 
relatively clear, straightforward and feasible solutions become operational. 
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Figure 9.7. The prospective layout of the airside and the landside area at London Heathrow airport 
(UK) by the year 2020 (Compiled from: BAA, 2005; Janic, 2004; 2008). 
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Chapter 10 


FUTURE AIRPORTS 


10.1. INTRODUCTION 


A concept of the future airports explains how some of the existing airports particularly 
those in Europe could be planned, designed, and operated over the next 40-50 years and later 
preferably as the multimodal transport nodes with the innovative design, construction, and 
operation. In this context, developing an airport as the multimodal transport node implies 
improving its connectivity to the catchement area by the rail-based airport access 
systems/modes, and eventually expanding the airport catchment area by its inclusion in the 
long-distance (preferably the High-Speed) rail network at the national and the international 
level. This actually means that some particularly large airports in Europe are expected to be 
included in the growing High-Speed Rail network, which will enable complementary and 
integrated services by combining APT (Air Passenger Transport) and the HSR (High Speed 
Rail). Specifically, this relates to replacement of the short-haul flights between the close 
airports by the HSR services. In addition, such development is expected to contribute to 
strengthening of the competition between the two modes on the short-haul routes in which 
case HSR will connect the centers of the cities while APT will connect the airports serving 
these cities and or the larger urban agglomerations surrounding them. 

In addition, the airports are supposed to be under regular multidimensional examination, 
which will be necessary for achieving their further development in the increasingly complex 
and volatile environment, where the interests of different actors involved will need to be 
adequately articulated and balanced. The multidimensional examination of the future airports 
embraces a simultaneous consideration of their infrastructure, technologies supporting 
particular operations and processes, and the economic, environmental, social, and the 
institutional characteristics. 

Construction of new airports based on the innovative design and operations generally 
imply the new design and operation of the airport landside and airside area. In the landside 
area, in one case, the passenger terminal complex is supposed to be an underground 
construction below the runways, taxiways, and the apron/gate complex. In another, the 
landside area is supposed to be split from the airside area and dislocated to the urban 
agglomeration(s), where it would be eventually collocated and integrated with the passenger 
terminals of the other transport modes. The dedicated High-Speed connection(s) between the 
passenger terminal and the airport airside area would be provided. In the airside area, the 
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innovative design may relate to the dedicated dislocated runways, each serving the specific 
travel needs of the same catchment area. As well, the innovative design of the system for 
supplying LH; as the future aviation fuel will need to be developed either exclusively or with 
coexistence with the existing system for supplying the conventional Jet A fuel (kerosene). 


10.2. AN AIRPORT AS THE MULTIMODAL TRANSPORT NODE 


10.2.1. Development of the High-Speed Rail and Air Passenger Transport in 
Europe 


Certainly, airports can be considered as the multimodal transport nodes if they are 
included in the long-distance, preferably the HSR (High-Speed Rail), network. Both HSR and 
APT (Air Passenger Transport) have been developing in the EU (European Union) during the 
later half of the 20" century. In particular, APT emerged as the HS (High-Speed) option in 
the 1930s. Over time, the system has been continuously modernized through development of 
the aircraft capabilities, airline strategy, and governmental regulation (EC, 1998; EC, 2007; 
Janic, 1997; 2008). 

Specifically, Figure 10.1 shows that the APT demand in the EU has grown during the 
past decade and a half (1990-2006), at an average annual rate of 5% (AEA, 2007; UIC, 
2008). The above-mentioned growth has increased the pressure on the airport and the ATC 
capacity, caused the frequent congestion and delays, and consequently increased the APT’s 
burdens/emissions on the environment in terms of noise, air pollution, and land use. 
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Figure 10.1. Development of APT and HSR traffic in the EU during the period 1990-2006 (Compiled 
from: AEA, 2007; UIC, 2008). 


The most significant attainment of the European railways has been development of the 
Trans-European HSR (High-Speed Rail) network. The HSR certainly represents a 
culmination of increase in the travel speed by railways. Consequently, during the past century 
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and a half, the railway technical speed has increased more than ten times, i.e. from about 50 
km/h to almost 500 km/h (Janic, 1999). In the EU, the planned length of the HSR network has 
amounted to about 29000 km with the investments of about €240 billion (this includes the 
investments in the infrastructure and the rolling stock). The building has started at the 
beginning of the 1980s by prioritizing the national projects in France and Germany. It is 
going to be completed by the year 2010, thus connecting the cohesive intra-EU international 
links and nodes (UIC, 2008). In addition, the HSR passenger demand has grown during the 
past decade and a half (1990-2006) at an average annual rate of 16% (about three times faster 
that of the APT) (Figure 10.1). Such growth has been strongly influenced, in addition to the 
other demand-driving forces, also by a progress in constructing the HSR infrastructure. The 
most recent forecasts indicate that the similar growth rates will likely sustain, thus 
contributing to doubling of the volumes of the HSR demand by the year 2015 (CEC, 1995; 
UIC, 2008). 


10.2.2. Interaction between the HSR and the AP 


The HSR and the APT may interact in the form of competition and complementarity. 
Both types of interactions usually result in substitution of operations between the two modes, 
driven by their commercial viability, market strength, and different institutional and 
environmental constraints. The substitution may improve the internal efficiency of each 
particular mode (i.e. the substitution through competition), and reduce, in the broadest sense, 
their cumulative burdens/emissions on the environment (i.e. substitution through 
complementarity) (EC, 1998). 


Competition 

Competition between the HSR and the APT in the EU takes place in the transport 
markets-corridors with the substantive/sufficient overall passenger demand. Some of these 
corridors are Madrid-Seville, Madrid-Barcelona, London-Paris, London-Brussels, Frankfurt- 
Cologne, Paris-Marseille, London-Manchester, and London-Edinburgh (SCG, 2006). In order 
to make such competition workable, the airports at the ends of these corridors do not 
necessarily have to be included in the HSR network. The passengers make a choice of 
transport alternative based on the perceived generalized cost (i.e. the total out-of pocket travel 
cost) depending on factors such as the modal accessibility costs, departure frequency, fares, 
and the overall quality of service (Janic, 1999). The alternative with the lower generalized 
cost is usually selected. However, since the other factors may also influence the final modal 
choice (type of travel such as business/leisure, age-old/young, safety, etc.), each HS 
alternative has always retained some market share. Figure 10.2 (a, b) shows some elements 
of interactions between the two modes. Currently, as shown in Figure 10.2a, in the above- 
mentioned corridors, the HSR has taken over a relatively significant market share from the 
APT for the journes lasting between 2 and 4 hours, as one of the most important decisive 
factor on the modal split. The other significant factor for HSR in gaining the market share has 
been the railfare. As Figure 10.2b shows, the HS fares on the distances up to about 600 km as 
compared to the fares of the full cost airlines, and the HS fares on the distances up to about 
250 km as compared to the fares of the LCCs, have proved critical (EC, 1998, 2002; EEC, 
2001; ITA, 1991; Janic, 1993; SDG, 2006). 
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Figure 10.2. Characteristics of competitition between HSR and APT in the selected European corridors 
(markets) (Compiled from: EC, 2002; SCG, 2006). 


Complementarity 

The HSR and the APT may complement each other through offering the so-called 
complementary services in the particular OandD passenger corridors (markets). The users 
(passengers) perceive complementary if offered a seamless service by combining the two 
(HSR and APT) instead of a single (either HSR or APT) transport mode (EC, 1998; ITA, 
1991). From the viewpoint of transport operators, the HSR complement to the APT if it 
replaces its short-haul “feeder” flights by the “feeder” train services connected to the long- 
haul flights according to a compatible (balanced) schedule (EC, 1998). Generally, three types 
of complementary networks, if commercially viable, may exist (Janic, 2003): i) HSR may 
partially replace APT in collecting and distributing passengers between a given hub airport 
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and particular spoke cities as the passenger origins and destinations, if the hub airport is 
included into the HSR network; an example is the Frankfurt Main airport (Germany), where 
some APT short-haul flights have been substituted by the equivalent HSR services operated 
in cooperation with the major airline Lufthansa; ii) HSR may completely substitute APT by 
providing the “feeder” services between the hub and the spoke airports while APT retains to 
exclusively connect the hub airports between each other; an example, which still has to take 
place is connection between Paris (France) and Rome (Italy) by ATP, which will be “fed” by 
the HSR services instead of the short-haul ATP flights at both ends of the APT route (ITA, 
1991; Janic, 2003); and iii) APT may connect a given hub with the spoke airports while HSR 
exclusively connects the hub airports; an example is the HSR, connecting Paris CDG airport 
and Lyon-Satolas airport in France, partially “fed” by APT (EC, 1998; ITA, 1991; Janic, 
2003). 


10.2.3. The Possible Effects 


In addition to the above-mentioned inter-airport connectivity, many of today’s busy 
airports will certainly intend to develop their local ground access systems as the multimodal 
systems. In any such case, save the airports with the dislocated (split) airside and landside 
area, these access systems will continue to develop as combinations of the individual car 
(private/taxi) and the public transport modes such as the road-bus and the rail rapid transport 
mode. At most large airports, particularly those developing as the main hubs of large airlines 
and their alliances, the public road-bus and the rail transport system will likely strengthen 
even more after being integrated into the regional and even into the national corresponding 
transport networks/systems. In addition, some already non-integrated airports will be 
integrated into the national, the international conventional, and the European HSR long 
distance network(s). For example, such rail links are planned at 32 airports serving 29 cities 
in 15 European countries, with the additional effects as follows (EC, 1998; ECMT, 2003; 
ITA, 1991; Janic, 1999; 2003). 


e An extension of the airport catchment area thanks to the possibility of being accessed 
by the High Speed; currently, at the Frankfurt Main airport (Germany), the main hub 
of Lufthansa airlines as the leader of STAR alliance, about 30% of all passengers, 
access and/or leave the airport by the HSR; 

e Substitution of some of the short-haul flights by the HSR services could relieve a 
pressure on the existing airport airside capacity and consequently mitigate both the 
airside and the landside congestion and delays, as well as enable utilization of the 
freed slots by the larger aircraft, i.e. generally more efficiently; some estimates 
indicate that, depending on the airport, about 5-10% of the airport airside capacity 
could be released in this way; in addition, some present car users may switch to the 
HSR; for example, it has been estimated that at the Frankfurt airport about 10% of 
the car users could switch to the HSR by the year 2015 (ECMT, 2003); and 

e Replacement of some of the APT services by the HSR services will contribute to 
diminishing of the environmental impacts in terms of noise and air pollution in both 
relative and absolute terms, and contribute to increasing the social welfare in terms of 
employment. 
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10.2.4. The Remaining Barriers (Europe) 


At present, in Europe, the numerous barriers to developing particular airports into the 
multimodal transport nodes with the integrated rail-dominated ground access systems can be 
identified. One of the main such barriers has been fragmentation of the airport access 
infrastructure’s planning and investments. This has implied the lack of coordination between 
the private transport investors and the public authorities at the local, regional, and the national 
level. In other words, both planning and investments have been carried out primarily on the 
modal rather than on the intermodal basis with respect to maximization of the effects of 
investments and the other related social effects. 

In addition, some integrative elements such as a common ticket for the integrated door- 
to-door trip, criteria for sharing the revenues between the rail and the air transport operators, 
and a seamless connection(s) between the two modes has not been developed yet. 
Consequently, development of the air/rail integrated services in terms of the number of 
airports included has been negligible, although the rail market share at these airports has 
reached about 40%. 

In addition, the potential for a rather substantive rail market share has been estimated at 
the other large European airports at the local, regional, and the national scale (EC, 1998; 
ECMT, 2003). Regarding such potential, some important conditions for mitigating the present 
barriers and strengthening the air/rail intermodality mainly through substituting the short-haul 
flights as the “feeders” of the long-haul flights at these airports are as follows (ECMT, 2003): 


e The airports should be physically connected to the HSR network; 

¢ The schedules of the HSR and of the APT should be coordinated; 

e Thorough ticketing, including the convenient checking and transferring of passengers 
and their baggage between the two modes, should be provided; and 

¢ Transparent and clear criteria for dividing the revenues between the rail and the air 
transport operators should be set up. 


The first among the above-mentioned conditions has been partially fulfilled by inclusion 
of some European hub airports into the HSR network. As mentioned above, these are: 
Frankfurt-Main, Lyon-Satolas, Paris CDG, Stockholm-Arlanda, and Copenhagen-Kastrup 
(EC, 2001). 

The following two conditions could be fulfilled by means of the so-called ‘inter-modal 
code sharing agreement’ between the airlines and the HSR operators, and/or through 
acquiring the rolling stock by the airlines and operating them (ECMT, 2003; EEC, 2001). The 
last condition should be agreed between particular operators of the different modes. In 
addition, an advertisement of the integrated services should be provided to users (passengers), 
similarly as it is provided by the airlines for connecting flights. 

Finally, the legislation, ensuring the legal protection of passengers’ rights using the 
integrated services, needs to be adopted. 
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10.3. THE MULTIDIMENSIONAL EXAMINATION OF AIRPORTS 


10.3.1. The Scope and Content of the Airport Development 


Development of airports is inherently a multidimensional problem. However, particular 
dimensions have not always been of equal importance, explicit consideration, and/or explicit 
transparency. In general, the external developments, such as the global political and economic 
trends, the airline industry’s trends in terms of globalization and privatization of airlines and 
deregulation/liberalization of the air transport markets. Both materialized as the continuous 
but inherently volatile growth of the air transport demand and the increased environmental 
concerns have gradually actualized and equalized four dimensions of the airport’s 
development problem in the medium- to long-term. These dimensions are considered as 
directly influenced by trends in the airline industry and indirectly by the global trends. In such 
context, the global trends are assumed to influence directly the trends in the airline industry, 
and vice versa (Janic, 2008a). Figure 10.3 shows a scheme. 


External developments 
Global trends Airline trends 


Planning and design of the future airports 


Infrastrucural/techical| |Operational/Economic Environmental Social 
‘technological 
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e Privatization; 
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Figure 10.3. A scheme of the multidimensional examination of development of the future airports 
(Compiled from: Janic (2008a). 
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The infrastructural/technical/technological dimension includes planning and design of the 
airside and the landside airport infrastructure, facilities and equipment. The 
operational/economic dimension encompasses the airport’s operations and the related 
revenues and costs. The environmental dimension includes the airport’s impacts on the 
environment and society in terms of noise, air pollution, land use (take), and waste. Finally, 
the social dimension includes a contribution of a given airport to the employment and the 
overall welfare for its users and the local community (Janic, 2008a). 


10.3.2. Dimensions of Airport Development 


The Infrastructural/Technical/Technological Dimension 

The infrastructural/technical/technological dimension embraces provision of the adequate 
airport airside and landside capacity and the security. The airports, which host the airlines’ 
‘point-to-point’ networks, have continued to operate a single and/or the multiple runway 
system with the linear or transporter configuration of the passenger terminal(s). When 
necessary, these terminals have been modularly expanded to accommodate the growing 
demand usually concentrated in few daily (shorter or longer) peak periods (Boatright, 2001; 
FAA, 2003; Horonjeff and McKelvey, 1994). The airports becoming the airline hubs have 
usually operated one or a few pairs of parallel runways and the passenger terminals of the 
satellite and/or “hybrid” configuration. The terminals have been designed to accommodate 
almost simultaneously the relatively large volumes of the OandD and the transfer passengers 
during the short but relatively frequent peak periods created by the airlines’ complexes of 
flights in the scope of the hub-and-spoke networks (FAA, 2004; 2007; Horonjeff and 
McKelvey, 1993). 

The peak periods in either case have implied congestion and delays usually with two 
general implications for the infrastructural/technical/technological requirements for the 
airport capacity. On the one hand, they have indicated the attractiveness of a given airport and 
a high utilization of its capacity. On the other, they have indicated a scarcity of the existing 
capacity, implicitly told of a lower quality of service, and an increased delay cost for users, 
airlines, and passengers. Consequently, as mentioned above, the persistent and high 
congestion and delays have been considered as the important signs for increasing the airport 
capacity and/or for introducing the market-led mechanisms for a proper matching of this 
capacity to demand (FAA, 2004). Security has become of growing importance after 
September 11/2001. The procedures have strengthened at most airports in both Europe and 
the US, which has prolonged the average time of the passenger and baggage security 
processing. Consequently, this has slowed down the entire processing procedures throughout 
the terminal. As well, the additional facilities, equipment, space, and related staff have been 
required. At many airports, the previously centralized security facilities have moved from the 
central locations in terminals (usually behind the passport control counters) to the departure 
gates, thus also requiring their redesign and additional space (Janic, 2008a). 


The Operational/Economic Dimension 
The operational/economic dimension implies dependency on a given airport on the 
dominant airline(s), its operations, the cost, revenues, and profitability, the airport 
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privatization, and allocation of the scarce airport’s capacity. As mentioned above, in Europe, 
three large alliances have consolidated their positions at their main hub airports with the 
relatively modest market shares at the hubs of each other. This has increased the mutual 
dependency of these airports on a given airline alliance (EC, 2002; 2003). In the US, the 
major airlines have operated more than one hub airport with a substantive market share at 
these but also at the other non-hub airports. Consequently, each such airport has contained a 
relatively modest market share of the individual (single) airline, which has generally implied 
their lower mutual dependency (BTS, 2007). 

The volume of traffic has mainly influenced the airport’s revenues, costs, and 
profitability. The costs have been generally dependent on the efficiency of spending and the 
price of resources such as capital, energy, and labor (CAA, 2001; Doganis, 1992; EE, 2001; 
GAO, 1996). The airport revenues have been usually obtained from charging services 
provided for the aircraft, passenger, and freight, as well as from the other commercial 
activities. The former have been the aeronautical and the latter the non-aeronautical revenues. 
In most cases, the revenues have provided break-even profitability (ACI, 2002; CAA, 2001; 
Doganis, 1992; EE, 2001; Nilsson, 2003). 

Privatization and commercialization of airports has been described in Chapter 2 (BCG, 
2004; GAO, 1996; SHandE, 2002). 

The airport charges set up to cover the costs, such as those landing slots have not 
automatically been at the level to clear the market. Thus, they have been considered as one of 
the causes of congestion and delays at busy airports (Nilsson, 2003). The other main cause 
behind this has been that the airlines and not the airport(s) have actually decided on the 
quantity (i.e. quota), distribution, and price of the (scarce) airport capacity (slots). That has 
also implied that these airlines have already internalized their cost of congestion and delays as 
externalities (Brueckner, 2002; Nilsson, 2003). 


The Environmental Dimension 

Noise, local direct and indirect air pollution, land use (take), and waste have become the 
most important externalities at many large congested airports. In particular, noise has become 
the matter of concern with traffic growth. As mentioned above (Chapter 9), in order to protect 
the affected population, the noise quotas have been imposed and “converted” into the allowed 
annual, daily and hourly number of atms (air transport movements) (BAA, 2005; Schiphol 
Group, 2006). The air pollution has been an increasingly matter of concern as the local 
contribution to the cumulative volumes of the emitted air pollutants (CO ). The land use 
(take) has emerged as a more serious problem when the particular airports have needed 
expansion of their both the airside and the landside infrastructure. As mentioned above, 
construction of the new infrastructure has frequently been a matter of long public inquiry 
taking on average at many airports a period which has been longer than a ten-year period 
(FAA, 2005; DETR, 2002; Fraport, 2001; Janic, 2007). 

The waste has also become an additional matter of growing concern, which has been 
resolved at different airports differently (Janic, 2007). 


The Social Dimension 
The social dimension of airport development problem has usually refereed to 
employment in the broadest context. In general, larger airports have employed more staff and 
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thus been considered as the greater contributors to the local and national GDP (Gross 
Domestic Product), and overall welfare. In general, the number of employees has been 
positively correlated with the volumes of airport traffic. Typically, each million of passengers 
accommodated at a given airport has generated approximately not less than one thousand 
employees (ACI, 1998). 


10.3.3. The Current and Prospective External Trends 


Global Trends 

The main indicators of the global and the regional economic developments are GDP 
(Gross Domestic Product); the international trade and investments. Together with the 
generally diminishing airfares, these indicators have acted as the main driving forces of the 
air transport demand. The political crises, the economic and social instability and stagnation, 
terrorism, regional wars, and some global epidemic diseases (SARS) have always 
compromised growth of the air transport demand. Consequently, the airport traffic has grown 
or stagnated, respectively. In the future, the medium- to long-term global trend expected to 
influence development of most airports particularly those in Europe and US are identified as 
follows (Janic, 1998a): 

The socio-economic growth embracing a growth of GDP, the national and the 
international trade as the main driving forces of the air transport and consequently the airport 
demand will continue. In addition, the new markets such as those of India, China, and the 
entire Southeastern part of Asia will continue to grow and spread their global (demand- 
growing) influence. Some regional crises and wars will temporarily affect such growth of the 
air transport demand. The terrorist threats will remain a matter of the highest concern. The 
further actualization of the impacts of air transport on the environment in combination with 
introducing the different eco-taxes for the air travelers will likely slow down growth of the 
generally price-sensitive air transport demand. 

Many large airports will be faced with requirements for full inclusion into the integrated 
systems consisted of different transport modes, and provide a seamless door-to-door service 
for the end users, i.e. passengers and freight shipments. They are expected to be the 
integrative (network) nodes of such system(s) (network(s)), the intermodal interfaces, and the 
service providers as well; 

The growing airports will continue to be considered as the very important economic 
driving forces of the regions they serve. 


Airline Trends 

The airports are mostly dependent on their main users, airlines and their passengers, and 
freight shippers. In turn, the airline industry and individual airlines are influenced by the 
global and in some cases the local-regional economic and political developments. The most 
important developments of the airline industry have been deregulation/liberalization of the air 
transport markets, the “open skies” agreements, which have removed barriers in the 
international markets (the most recent is the above-mentioned EU-US “Open Skies” 
agreement ), the airline privatization, and generally diminishing the airfares (Janic, 1997). In 
Europe and the US, these and the other factors have caused emergence and consolidation of 
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two broad categories of airlines, the full cost (or legacy) airlines and LCCs (Low Cost 
Carriers). Consolidation of the full cost (legacy) airlines and their alliances, which mainly 
operate the hub-and-spoke networks and some of them the point-to-point networks has 
resulted in developing the hub airports and consolidation of some important base airports 
(BTS, 2007). In both Europe and the US, these airports have been exposed to the new 
operational, sizing and design, economic, environmental, and social requirements in 
accommodating the growing demand with the changed structure and the time pattern, 
efficiently and effectively. As mentioned above, the LCCs, which operate the ‘point-to-point’ 
networks, have influenced the airport operation and development by: i) generating a 
substantive demand in the short- to medium-term mainly at the smaller-regional airports; ii) 
affecting the market share of the large airports in the multi-airport system; iii) affecting the 
incumbent full cost (legacy) airlines at their hub airports; and iv) developing the specific 
economic/business relationships with the host airports (CAA. 2006, DETR, 2002). 

The airline industry and individual airlines will continue to be influenced as usual by the 
global economic and political trends. Their development is expected to influence the airports 
in both Europe and the US as follows (Janic, 2008a): 


i. The European airline industry is going to experience a further removing and/or the 
significant relaxation of the nationality rules (barriers) on the airline ownership, 
which will further stimulate the cross-border mergers and acquisitions, first between 
the European and later between the European and the non-European airlines. This 
process will likely additionally consolidate the existing airline alliances, which will 
develop, in combination with the current strategy of generating revenues, also the 
strategy of reducing the costs. The latter will be possible through the joint ventures of 
particular activities and services. In addition, such consolidation will result in 
decreasing the number of large airlines in the market, which in turn may have 
implications for the further development of the airline hub-and-spoke networks as 
follows: 

e The mega-airlines together with their non-European partners will tend to develop 
a rather smaller number of mega-hubs conveniently located over the continent 
and serving mainly the long haul profitable routes/markets; 

e The hubs of the most previously national airlines will become either the 
secondary hubs of the associated alliances or their spokes, which will generally 
imply decreasing of their importance as compared to the past and present; and 

e The non-hub airports with an ambition to become hubs will have to fulfill the set 
of complex requirements, which mainly refer to those for becoming the 
successful hub as follows: i) the central geographical location as compared to the 
location of particular spoke airports in the airline network; ii) a sizeable airside 
and landside capacity particularly respecting the great proportion of transfer 
passengers; iii) the large economically powerful catchment area, which would be 
able to generate and attract the voluminous OandD passenger demand; iv) the 
sufficient number and the convenient daily-time distribution of slots and v) the 
economic/financial stability of the incumbent airline and/or its alliance (Doganis, 
2002). 

ii. The US airline industry will continue to consolidate by the further merging among 
the major airlines implying the following: 
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e Particular airlines will continue to operate the multi-hub networks but with the 
smaller number of the more concentrated hubs; some of them particularly those 
at the East and Wets Coast of the US will be developed into the international- 
intercontinental mega-hubs; and 

e The “conventional” complexes of flights at the existing and the future hubs will 
continue to be modified in terms of the size and the flights’ inter-connecting time 
mainly because of the need for continuous reducing of the airline costs. 

iii. Strengthening of the LCCs particularly in Europe will continue to be a real threat to 
eroding the economics of hub-and-spoke networks of the full cost (legacy) airlines in 
their hub and particular spoke airports. This may cause some instability of their 
growth; in addition, the LCCs will continue to stimulate growth of the passenger 
demand throughout their networks continuing to connect mostly the smaller and 
medium-sized regional airports with prevailing OandD passengers. The innovative 
LCCs’ economic/business models will be certainly developed in the long distance 
markets, which will strengthen the airline competition and very likely bring more 
traffic to the airports involved. 


10.3.4. Implications of the Prospective External Trends 


The above-mentioned trends of the global development as well as development of the 
airline industry will have implications for the future development of many but particularly of 
the large, either growing and/or stagnating, airports throughout their all four dimensions. 
Generally, the components of particular dimensions will become increasingly interrelated, 
and thus the need to consider them simultaneously will be of equal importance (Janic, 2008a): 


The Infrastructural/Technical///Technological Dimension 

The infrastructural/technical///technological dimension embraces the sizing and design of 
the existing and providing the new airport airside and landside infrastructure, facilities, and 
equipment. 


e The Sizing and Design 

The sizing and design of the airport infrastructure to cope with the growing demand will 
generally contain the following elements related to the airport’s airside and landside area, and 
the ground access systems: 

In the airport airside area, some large airports will operate few pairs of parallel runways 
of the sufficient length, in order to be able to handle the largest aircraft of size of Airbus 
A380. In addition, the necessary widening of runways, taxiways, and apron/gate parking 
stands will be made. Serving predominantly larger aircraft, these airports will become 
gateways for the long distance intercontinental traffic. This airport will provide sufficient 
capacity to serve growing demand efficiently, effectively, and safely. 

At airports with persistent congestion and delays, the new runway(s) will be built as a 
remedy, if the trade off between effects and impacts, i.e. sustainability criteria, are fulfilled. 
At those airports where construction of new runways is not sustainable, the innovative 
technologies will need to be increased as the capacity of the existing runway system as the 
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“critical” component of the entire airport capacity. They will mainly contribute to the 
navigational performance of aircraft approaching and departing from the closely spaced 
parallel runways, and consequently enable their independent use (28 pairs at 31 US busiest 
airports and one pair at Frankfurt Main airport) (FAA, 2004; Fraport, 2001)... Implementation 
of the innovative procedures such as a steeper approach and the displaced landing threshold 
will also contribute to increasing of the capacity of this runway configuration. In addition, 
diminishing or eliminating differences between the IFR and the VFR separation intervals by 
improving insight in the aircraft position both onboard and on the ATC/ATM radar screens 
could contribute to increasing of the capacity of any runway configuration. An alternative 
option in this case seems to be introducing the time-based instead of the distance-based 
separation rules, which, may make, by diminishing the existing differences between the IFR 
and VFR separations, the runway landing/departure occupancy time critical for the 
corresponding capacities. As well, innovations will relate to diminishing the impact of wake- 
vortices behind the aircraft and consequently reducing the existing separation minima overall. 
The above-mentioned innovative measures to increase the airport runway capacity on the one 
hand, will also contribute to its stability to different kinds of disruptions, such as, for 
example, the weather, on the other. 

The apron/gate complex will likely be widened by constructing new aircraft parking 
stands/gates, which will enable their flexible use, i.e. handling the different aircraft types in 
cases of changing the size of particular complexes of flights. At the main European hubs, 
increasing of the size of particular complexes will be more likely. Specifically, the super- 
large A380 aircraft will contribute to the further consolidation of the existing hub-and-spoke 
networks, and to increasing of requirements for the dedicated airside and landside 
infrastructure (Laborie, 2003). At the main US hubs, the number of smaller but less expensive 
complexes of flights will likely increase; 

In the airport landside area, the existing passenger terminal complexes will be extended 
and eventually the new ones built. Further implementation of ITS and increasing 
opportunities for more passengers to buy air tickets and carry out check-in generally outside 
the terminal buildings (i.e. on line and/or in the off-airport terminals and the other system’s 
entry points/locations) will reduce the need for space there. At the same time, more space will 
be allocated to the other commercial activities such as shopping and entertainment. In such a 
context, the space intended for passengers and their baggage will have to be designed to 
enable maximum flexibility and cheapness in access to the eventual adaptations of the 
changes of the volumes and structure of traffic (OandD, transfer/transit, domestic, 
international). 

In the meantime, regarding flexibility for expansion and use, the satellite concept will 
continue to be preferable. In addition, the two-level terminal for the vertical distribution of 
passenger flows will become the rule rather than the exception. As well, the further expansion 
of the already sizeable terminal complexes will require an increased efficiency and 
effectiveness of the passengers’ processing and particularly movements along the long 
distances within and between satellites (or particular fingers or piers). This will certainly 
require more automation - moving sideways and walkways inside the terminal - as well as the 
airport-internal road- and/or rail-based systems connecting the distant terminals. Specifically, 
at the US large hubs aiming at developing as the intercontinental gateways, there will be a 
challenge in providing the adequate capacity of the passenger terminal(s) in order to 
accommodate the relatively large volumes of transfer passengers connecting between the 
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incoming and the outgoing international (and national) flights, or vice versa. Such rather 
voluminous transfer will have to be carried out during the relatively short connecting times 
under increasingly rigorous security control. Such requirements will certainly initiate the 
developing of innovative security systems in order to maintain both operational and security 
performance at the required level. As well, since in many cases the available land for 
expansion will become an increasing problem, the considerable parts of terminals will have to 
be, as mentioned above, the underground constructions, which will certainly increase the 
investment costs. 

The specialization of airports will particularly influence the concept of design and size of 
passenger terminal complexes. More airports will likely tend to specialize in servicing the 
specific segments of air transport demand (passengers and freight). This segmentation will 
likely become even more diverse. For example, some airports will specialize in servicing only 
the international long-distance traffic, some exclusively for servicing LLCs, some only for 
servicing cargo traffic, etc.; 

Accessibility of the existing and particularly new large airports will become increasingly 
important in terms of duration and reliability of access time, cost, safety, and security. For 
example, the new airports will be built at the distance of about 40-50km from the core of their 
catchment areas. This will likely eliminate the problem of noise burden, and thus enable 
operation during 24 hours period of time, on the one hand, but also increase the problem of 
accessibility on the other. Consequently, an increased modal shift from the currently 
dominated individual car-based system to the mass public ground access modes offering 
services with the above-mentioned attributes, is likely to take place. In many cases, Rail 
Rapid Transit and the shuttle bus systems will be the options. Inclusion of some airports, 
particularly those in Europe, into the HSR (High-Speed Rail) network will offer new 
opportunities for choice in terms of combining different (integrated) transport modes and 
services. 


e The Nature of the Capacity Increase 

As mentioned in Chapter 9, planning and implementation of the capacity’s expansion 
projects will be carried out according to the different (usually “optimistic” and “pessimistic’’) 
scenarios of development of the volumes of demand both implying a growth but at different 
rates in the following steps (Janic, 2008a). 


e Forecasting the economic/financial strength of the dominant airline(s) and/or its 
alliance and a role of a given airport in their networks; 

e Forecasting the volumes and structure of demand by the other airlines expected to 
operate at given airport; 

e Aggregating the volumes and structure of demand; 

e Determining the size and the target time of the capacity expansion; 

e Using the operational/planning/economic-business decision support tool(s) for 
increasing the efficiency and effectiveness of the planning process, consistency, and 
efficiency of the investments (Kaiser and Zografos, 2006); and 

e Determining the time and the modules (increments) of the capacity expansion. 


For example, in the airside area the minimum increment of the capacity increase is a new 
runway, taxiway and/or the apron parking gate/stand. In the landside area, this can be a new 
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satellite, finger, or pier unit, or the entire passenger terminal (Chapter 9). In general, the new 
capacity is usually constructed as the relatively large modules (increments) at the times when 
the demand is either well below or just at the existing capacity. On the one hand, this leaves 
the additional “time and space” for the demand to grow without the significant deterioration 
of the quality of service. On the other, utilization of the installed capacity is lower, which 
might increase the operational costs. However, due to the nature of adding the airport capacity 
this cannot be avoided, particularly in the case of adding the new runway(s). 


The Operational/Economic Dimension 

The operational/economic dimension embraces the characteristics of the airport 
operations in terms of handling demand of a given volume and structure, managing the 
security, diminishing dependency from the dominant (few) airlines, management of 
profitability (costs, revenues), continuation of privatization, and allocation of the (scarce) 
capacity by the innovative market-led mechanisms (Janic, 2008a): 


e Handling the Demand 
In general, growth of a given hub airport requiring the capacity increase is perceived to 
be as follows: 


e The volumes, structure and growth rates of demand will be essential for efficient 
utilization of existing airport capacity on the one hand and its further feasible sizing 
and design on the other; 

e The persistent and/or temporal imbalance between the demand and the capacity will 
continue to produce congestion and delays during the peak periods on the one side, 
and underutilization of the airport available capacity during the non-peak periods on 
the other. As mentioned above, a balance will continue to be established by different 
measures of allocation of (scarce) airport capacity. 


¢ Allocation of the (Scarce) Capacity 

Improvement of utilization of the existing and construction of the new capacity will 
remain the principal measures for diminishing the airport congestion and delays. However, in 
cases where application of these measures is not be possible, the other measures will need to 
be applied. They will mostly imply efficient allocation of the scarce runway capacity (i.e., 
landing slots), which will be possible with the market-led mechanisms such as the peak- 
period pricing, the congestion charging, and the slot auction. At these airports, they will 
replace the present slot quotas (Brueckner, 2002; Janic, 2005; Nilsson, 2003). Some of these 
measures have been discussed in Chapters 7 and 8. The current and prospective developments 
suggest that, in general, for example, the US airports with the market shares dispersed among 
the several airlines will seemingly be more “convenient and prepared” for introducing the 
above-mentioned market-led mechanisms. Opposite, their European large (hub) counterparts 
where the airline alliances will continue to consolidate their already strong market power, will 
be faced with diminishing opportunities (i.e. “readiness and convenience”) for such change. 
Nevertheless, it seems that implementation of these mechanisms will become easier after the 
full privatization of airports, enabling operating them as the full-scale economic/business 
entities. 
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e Managing Security 

The further globalization and inherent political and economic instability around the world 
will continue to strengthen the requirements for security at the large (international) airports. 
This has already slowed down processing of the passengers and their baggage, and 
consequently increased the costs. For example, during the period 2000-2002 the security 
related investments and the other costs rose from €457 million to €743 million at 34 European 
airports, which have shared about 43% of the total throughput of all European airports. (ACI, 
2005). In order to prevent a further deterioration of the vital airport servicing processes, the 
innovative security systems will have to be developed. The concept of the “total security 
area”, which would replace the current concept of the “security check points”, seems to be 
one of such possible solutions (Goerling, 2002). The new concept (system) would enable 
constant monitoring of the entire airport airside and landside area, i.e. all persons (passengers 
and the airport employees) automatically. For example, passengers would be monitored 
continuously from the time of entering the airside area at the car parking or at the station of 
public transport access mode (rail, bus) until the time of boarding the aircraft, and vice versa. 
In the airside area, the aircraft-servicing staff including about twelve aircraft-servicing 
vehicles would be continuously monitored, too. For such a purpose, developing the 
comprehensive item-categorizing security scanners as the parts of these complex monitoring 
systems hidden from eyes of those being monitored will have to be developed and installed 
within both the airport airside and landside area. 


e Diminishing Dependency from the Dominant (Main) Airline(s) 

The current and the likely future dependence of the dominant (main) airline and its 
alliance will represent both the advantages and the disadvantages for the medium- to long- 
term development of a given hub airport. The obvious advantage will be a rather simple 
managing of the relationship(s) with the airline(s) while gaining the relatively stable volumes 
of traffic, at least until the airline is prosperous and financially solid. The disadvantage will 
be: i) carrying out planning, design, and operations mainly patronized by the dominant 
airline(s), thus often being insufficiently flexible for the others; and ii) operating under an 
inherent risk of losing a substantive demand in cases of weakening or even collapsing of the 
dominant airline(s). Therefore, in the long-term, the given airport will have to consider 
reducing such high dependency by spreading the empty slots and thus the market shares to the 
several instead of to only one or few airlines. Since the airlines will likely continue to own the 
slots, any significant re-distribution seems unlikely to take place soon. Such redistribution 
will however be possible with the slots obtained from the expansion of airport capacity and 
after eventual implementation of the market-led mechanisms of allocation of the airport 
(scarce) capacity (slots). 

The evidence so far shows that the current nature of dependency of a given airport on the 
airlines at both European and US airports will likely continue. In the former case, the airline 
alliances will seemingly continue to consolidate their positions at the large hubs thus 
increasing the mega airline/hub mutual inter-dependency. In the latter case, dispersion of the 
market shares among several (at least five) airlines will seemingly continue thus diminishing 
the airport dependency on a single or just few airlines (BTS, 2007; EC, 2003; Janic, 2008a). 
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e Managing the Costs, Revenues, and Profitability 

The existing endeavors for the further reducing of the operational costs through an 
increased efficiency and effectiveness of using the resources after partial or full privatization 
will continue at most airports. In addition, competition within the privatized and the 
deregulated value-added chain(s) will likely intensify. In turn, such cost reduction will enable 
reducing of the airport charges and the airline operating costs on the one hand, and improving 
of the quality of services on the other (CAA, 2001). Consequently, these airports will become 
more attractive for airlines and thus more competitive to the other airports. Nevertheless, the 
charges bringing the revenues to the airports, despite based mainly on the above-mentioned 
lower costs, will be also set up according to the free market rules, and very likely remain the 
substantive portion of the airline operating costs. For example, the passenger taxes in the US 
amount about 16% (i.e. 15.4% at the full cost legacy airlines, and 18.2% at the LCC 
Southwest Airlines although the LCCs’ airfares amount only 56% of the airfares of the full 
cost carriers.) In the EU, the average passenger taxes share about 12.5% of the average airfare 
for the range of routes (Yamanaka et al, 2005). 

Also, the airport will likely retain an integrative role over the value added chains or leave 
it to the dominant airline(s). The deregulated and presumably more effective value added 
chains will also contribute to speeding up the passenger service processes, which in turn will 
require less space in the passenger terminal complexes. The faster processing of passengers 
will leave them with less time for shopping, thus affecting the airport’s non-aeronautical 
revenues. However, more actors involved in the value added chain might require more space, 
which will increase the size and the operational cost of passenger terminal complex. 
Therefore, it seems complex to predict the resulting overall influence. 

Decreasing of the volumes of demand will affect the airport aeronautical revenues and 
make them inherently volatile. In order to mitigate such developments, respond positively to 
the requirements for diminishing airline and passenger charges, and still achieve profitability, 
many airports already have, are, and will have to develop a range of the commercial activities 
and services, which are not directly related to the air traffic. The content of these will be very 
diverse at different airports, but certainly will increase proportions of the non-aeronautical 
revenues even at the smaller regional airports. Thus, they will also be able to reduce charges 
and thus contribute to the airline economic/financial health on the one hand, and to reducing 
dependability of a given airport on the volatile and uncertain airline behavior on the other. At 
some airports, there will be some increased uncertainty in the rates of growth of the demand 
mainly due to the increased volatility of the external and the internal demand-driving forces 
and particularly due to the unpredictable behavior of the incumbent airlines (local impact). In 
general, this will be conditioned by the economic/financial strength/weakness of the full cost 
(legacy) airlines and the ambitious for profitability of LCCs, which may easily come to but 
also easily leave an airport. 


e Privatization 

Privatization of airports will continue according to the different privatization models as 
mentioned in Chapter 2. As compared to the current trends, three additional developments in 
the privatization processes may be expected: i) spreading to the airport airside infrastructure; 
ii) involvement of more the non aviation-related firms; and iii) a freedom for the airport 
owners-stakeholders to dispose with the revenues. These will enable the airports to transform 
into the real economic/business entities operating according to the market principles, which 
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include a freedom in setting up the prices of their services according to the actual costs, thus 
fighting for the profitability. Such structure will make these airports more attractive for the 
external (also non-aviation) investors. In addition, as the economic/business entities, they will 
have easier access to the financial markets while looking for the sources of investments. 
However, obligations of such fully private airports as still the assets of the regional and the 
national public interest will have to be agreed, similarly as it happened after privatization of 
the national ATC (Air Traffic Control) services in some European countries. 

This particularly will be relevant for the new future airports, which would certainly need 
the substantive investments regarding their design and requirements for the full automation of 
the passenger, baggage, freight, and the aircraft processing, and provision of the security and 
safety (Chapter 2). 

In addition, the pressure for profitability and global rationalization will certainly 
influence further formation of the large companies, which will run airports and/or their parts, 
at both national and international scale. One of the typical examples at the national scale is 
BAA (British Airport Authority), which has been running three London airports (Heathrow, 
Stansted, and Gatwick). The most recent international example is the industrial cooperation 
agreement between Aeroports de Paris (France) and Schiphol Group (the Netherlands), both 
hosting SkyTeam airline alliance (ATN, 2008). These highly specialized companies will 
likely reduce costs and improve the other performance of a given airport system, i.e. create 
opportunity for benefiting from economies of scale. Gradually, they will enable 
standardization of services as well as branding their airport chains. 


The Environmental Dimension 

The environmental dimension embraces noise, air pollution, and land use (take) at the 
given airports. The environmental constraints in terms of these impacts will continue to affect 
provision of the adequate capacity and its utilization at many large hubs in both Europe and 
the US. In particular, noise will remain a problem despite the improved ATM (Air Traffic 
Management) procedures and the aircraft guidance in vicinity of the airports and introducing 
the more silent aircraft. Primary, the quantity of population exposed to a given noise quota(s) 
will have to be kept under control of even diminished. Figure 10.4 shows the example of the 
past, current, and prospective developments at the London Heathrow airport (DETR, 2002; 
Janic, 2007). As can be seen, during the observed period, the quantity of population exposed 
to a given daily nose quota has continuously decreased despite continuous increase in the 
annual number of atms. Construction of a new runway, as discussed in Chapter 9, will 
increase the number of population exposed to noise, thus again worsening the already 
achieved long-term declining trend. The air pollution will continue to be the issue of concern 
despite decreasing of the aircraft fuel consumption and the related emissions of air pollutants 
in the relative terms. Concerns will rise because of the absolute increase in the volumes of 
aircraft operations and from the non-aviation related ground activities. The existing airports 
will continue to have a problem of scarcity of land for expansion of the airside and the 
landside infrastructure. In almost all cases, building a new runway and/or a terminal will 
require the long public inquiry not only due to the scarcity of land but also due the concerns 
on the other mutually related externalities. The cases of Frankfurt Main and London 
Heathrow airport each demanding a new runway for a long time are some illustrative 
examples in Europe (BAA, 2005; Fraport, 2001). 
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Figure 10.4. Population exposed to a given noise quota vs. the number of atm (air transport movements) 
at London Heathrow airport (UK) (Complied from: BA 2004; CAA 2002; DETR, 2002; Janic, 2007). 


The new airports will be constructed using the experience about the constraints mainly in 
terms of providing the sufficient airside and landside capacity and the conditions (land) for 
the airport long-term unconstrained development. The above-described concepts of design of 
these airports indicate that the constraints in terms of land used as well as the operational 
constraints due to noise could be substantively mitigated if not eliminated. 


The Social Dimension 

The social dimension of considering the future airports implies employment there in the 
broadest sense. In general, it may be expected that both direct and indirect employment at 
airports as their most important social-economic dimension will continue to grow with the 
growth of air traffic. In particular, the indirect employment will seemingly increase faster 
after these airports become the real economic/business engines of the regions they serve, i.e. 
when they convert into the pure service providers, the multimodal transport service 
integrators, and the attractive locations for the other mainly high-tech non-aviation related 
businesses. Such increased employment will certainly contribute to a greater local and the 
national GDP (Gross Domestic Product), and to the overall welfare (ACI, 1998). In addition, 
the concepts of design of the future airports would make a given airport more convenient to 
some of its employees because they would be able to work also from home or at the locations 
closer to their homes than it is a case today. 


The Stagnating (Hub) Airports(s) 
Stagnation of the (hub) airport may likely take place under the following conditions: 


e A collapse of the incumbent airline causing the immediate falling of the substantive 
volumes of demand; this questions the investments and their content based on the 
requirements of the collapsed incumbent airline; the cases of airline collapses at 
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Zurich (Swissair) and Brussels (Sabena) airport are the illustrative examples. In 
addition, after building the new passenger terminal at the Euro Airport Basel- 
Mulhouse —Freiburg airport, the airline Eurocross did not come (ACI, 2005); 

e Abandoning the airport by the incumbent airline with almost equivalent impact on 
declining of the volumes of airport demand as in the cases of the airline collapse; 

e Substantive modification or a complete change of the networks of the incumbent 
airline and its alliance partners, thus causing changes in the pattern, volumes, and the 
structure of demand and consequently leaving a substantive spare capacity; an 
example of such changes is the case of BA (British Airways) at the London 
Heathrow airport; the airline has focused more on the long-haul OandD markets and 
abandoned some of the short-haul national and European markets (routes) (BAA, 
2005); 

e Undermining the existing hub-and-spoke network(s) of the incumbent airline(s) and 
its alliance partners by the LCCs, which has already taken place at some large hub 
airports in Europe and the US; and 

¢ Strengthening the environmental constraints, mostly in terms of noise and land use, 
which may constrain the airport growth; the above-mentioned case of the London 
Heathrow airport has experienced the long-term public inquiry before getting the 
new Terminal 5 (BAA, 2005); the Amsterdam Schiphol airport has a cap of 460000 
atm per year because of the noise burden (Schiphol Group, 2006). 


The measures for handling the situation may include: i) indefinitely abandoning or 
temporarily “freezing” the current and prospective capacity expansion plans; ii) reconfiguring 
the passenger terminal complex in order to make it more effective and efficient for 
accommodating the changed volumes and structure of passenger demand, i.e., proportions of 
the OandD and the transfer passengers; 111) conserving and/or squeezing the parts of the 
airport airside and landside infrastructure; iv) cutting off the airport’s staff in order to 
maintain the acceptable productivity and cost under the control; and v) closing the airport. 


10.4. DESIGN AND OPERATIONS OF FUTURE AIRPORTS 
10.4.1. A Concept 


A concept of design and operations of the future airports implies direct and/or indirect 
either substantive mitigation or complete removal of particular constraints under which the 
exiting airport operate today on the one hand, and eventually adaptation to the new aircraft 
fuels on the other. In such context, some fundamental questions can be raised. 

The first one is a question of the most suitable location of a given new airport. According 
to the traditional common shared belief that a given airport should not be too far from the 
city, most existing airports are located very close to the main cities, mainly to enable 
relatively efficient and effective accessibility of passenger, freight, and the airport’s 
employees as the main components of the local demand. However, such location usually 
compromises “free” expansion of a given airport because of the scarcity of land and 
prospectively increased noise and air pollution. Nevertheless, recognizing such location- 
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defects, several airports have recently been built relatively far away from their main demand- 
gravitational centers, i.e. cities. 

The second question relates to the existing integrated airport’s airside and landside 
infrastructure, which is increasingly used for the so called non-aviation-related purposes and 
services such as, for example, car parking areas, the airport access systems’ infrastructure, 
and the leisure/commercial facilities (restaurants, shops, and/or duty free shops). Even more, 
some large airports tend to attract the additional non-aviation activities and business counting 
on the induced synergy, by developing the so-called “Airport Cities.” This requires building 
and operating the very large infrastructure in the landside area where, many other people not 
directly linked to the air transport operations, such as the airport users and employees, are 
permanently present. This increases the cost of providing the required security of the entire 
airport area. 

The third question relates to the number and diversity of air transport services offered 
from a given airport. Currently, each main city has one, if not several, airports offering a wide 
range of routes and flight frequencies. At large airports in Europe and US, these include the 
spectrum of the short-, medium-, and the long-haul routes operated by the aircraft of different 
performance. Such diversity increases the spatial (4D) complexity of the air route network 
to/from and between these airports thus requiring more complex and sophisticated ATC 
system in order to maintain the safety of operations on the one hand, and the ATC controllers’ 
workload on the other, under reasonable constraints. 

The final question probably becoming actual in the even more remote future relates to 
adapting a given airport to changes of the commercial aircraft fuel from the current carbon— 
based kerosene to Liquid Hydrogen, seemingly as the most prospective alternative (IEA, 
2006). The fuel storage and the aircraft servicing systems need to be appropriately designed 
to provide efficient, effective, and safe fuel supply. 

Answering on the above questions contributes to synthesizing the concept of an “ideal” 
airport enabling the following: 


e Complete removal (or substantially diminishing) of the environmental impacts on the 
local population and the environment (flora and fauna) in terms of noise, air 
pollution, and land use (take), respectively; 

e The sufficient airside and landside capacity for accommodating the existing and the 
future passenger and freight demand, and flexibility in expanding this capacity 
without affecting the environment in the broadest sense; and 

e Compactness of the design, which will minimize usage of the aircraft engines while 
maneuvering at the airport. 


The following sub-sections describe some ideas on the design and operations of the 
future airports and their prospective overall effects. The innovative design mainly implies two 
concepts of integration of the airport airside and landside layout, centralized and 
decentralized, and the related operations and effects (Brochard, 2007; Goerling, 2002). 
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10.4.2. The Airport Layout 


The Centralized Design 

The “centralized design” implies that the airport airside and landside area would remain 
integrated while the airport would be located sufficiently far from the populated areas, thus 
diminishing the overall impacts on the society and the environment including the impacts of 
the aircraft accidents in their vicinity. At such an airport, the airside area would be large and 
free of obstacles similarly as at the today’s airports. Up to nine pairs of the parallel 
independent single and/or the multidirectional runways would be in place. They would enable 
the aircraft to perform the CDA (Continuous Decent Approach) procedures, which would be 
rather the rule that the exception as nowadays. Carried out from the altitudes of about 10 
thousand feet to the ground, these procedures would mitigate the aircraft noise, increase the 
fuel efficiency, and consequently reduce the air pollution, the last if the conventional jet fuel 
would be still used at that time. 

The runways would be adequately equipped with the lighting systems, as well as with the 
systems for automatic monitoring of the state of the runways’ surface including heathers for 
melting the snow and ice, which would diminish the impact of the adverse weather, and thus 
enable high reliability of their use. 

The aircraft parking/gates stands would be flexible to enable the multi-aircraft use, which 
would certainly reduce their number and increase their utilization. 

The passenger terminal complex would be the central object in the airport landside area 
as it is at current airports. However, this terminal would be built as underground multi-floor 
construction. The access/leave to/from the terminal, respectively, would be possible by the 
individual car and the public transport systems such as rail and road, whose stations would be 
located at the first underground floor counting from the surface. The departing passengers 
would be accommodated on the second floor. From this floor, they would be able to follow 
the underground pier(s) of finger(s) in order to arrive to the intended departure lounges/gates. 
The vertical lifts would enable boarding the aircraft. The arriving passengers would use the 
same lifts after they disembark the aircraft in order to reach the underground finger(s) or 
pier(s) at the third floor, which would lead them to the central terminal hall. The airport 
administration and the airline offices would be on the fourth floor. The airport-related ATC 
services and the security services would be located at the fifth floor. The last, sixth floor, 
would be used for the aggregates supplying the terminal with the energy and drinking water, 
as well as for the emergency shelters. It is obvious that this concept of the passenger terminals 
also requires an efficient vertical communication between particular floors. 


The Decentralized Design 

The “decentralized design” of the future airports would imply the spatial dislocation and 
physical splitting up of the currently integrated airport’s airside and landside area. For the 
airport airside area, this would include developing the large runway areas connected to the 
several cities, i.e. these cities would share a given airport, which would eventually reduce the 
need for more airports. In addition, few spatially distributed runways could serve a single 
city. They could also be specialized for the particular type of aircraft (traffic) such as the 
short-, medium-, and the long haul. In both cases, the aircraft would be parked at the size- 
flexible parking stands located just off the runway(s). At this side, the interface of the aircraft 
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with the airport ground access systems, which enable the fast-automated transfer of both 
passengers and their baggage (stored in the containers), would be provided. Design of the 
airport’s fuel storage area and the fuel supply system, in case of using the Liquid Hydrogen, 
would be similar as in the above-mentioned centralized design. 

In both concepts of locating the airport airside area, the passenger terminal complex 
would be located in the cities, which would enable their eventual integration with terminals of 
the other transport modes such as the rail and the long-distance bus system. These would be 
the surface constructions with the similar function, operation, and processes as those at the 
today’s airports. Such spatially distant airside and landside area would be connected by the 
dedicated HS (High-Speed) transport, very likely as the underground links. At both sides of 
the connecting links, the passengers would be processed adequately as either the arriving or 
the departing passengers. 


Influence of the Cryogenic Aircraft on the Airport Design 

Introduction of the cryogenic aircraft, which will use LH (Liquid Hydrogen) as the 
aviation fuel instead of the conventional carbon based Jet A fuel (kerosene), will be a gradual 
process. In order to make the commercial flights by these aircraft economical, the supply of 
LH, will have to be provided, at the beginning, at many airports simultaneously. Some 
investigations suggest that the first cryogenic aircraft will likely replace the today’s largest 
aircraft since these consume the most kerosene. Because of the gradual introduction of the 
cryogenic aircraft, it seems realistic that two fuel supply systems, the conventional and the 
LH) one, will continue to exist for some time at most airports. Consequently, the future 
airports will have to provide the additional land for the LH» fuel supply system. The size of 
this land will not be much different from the land presently occupied by the conventional fuel 
supply system. 

Similarly as at the conventional system, the fuel storage capacity, and the related size of 
land will depend on the volume of daily demand for fuel and the fuel reserves. The specificity 
is that the LH) will be manufactured and stored at the same location. The underground triple- 
pipeline system will deliver the fuel to the apron/gate complex and enable its distribution to 
the particular aircraft gates/parking stands. 

These pipelines will have to be as short as possible. The first line will supply LH2. The 
second line will be used for returning the gaseous hydrogen (GHz) to the production and 
storage plant. The last line will be redundant for either supply of LH) or for the return of GHp. 
At the airports with the centralized design, the specific security and safety measures will have 
to be provided due to closeness of the system to the passenger terminal complex. At the 
airports with the decentralized design, these measures will not be necessary. In addition, the 
LH; supply system will have to be completely separated spatially and functionally from the 
conventional system for the time of their coexistence. The exception will be the apron/gate 
parking stands, which will be equipped with the hydrants for supplying both types of fuels, 
thus enabling more flexibility of utilization of these stands. 

Anyway, design of both the airport’s airside and the landside area is not expected to be 
significantly affected since the new system will be designed maximally to fit them 
(Korycinski, 1978; Schmidtchen et al., 1997). 
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10.4.3. Operations 


The main issues regarding operations of the future airports would continue to be 
efficiency, effectiveness, safety, and security. 


Airside Area 

In the airport airside area, operations would be as follows: The arriving aircraft would 
switch-off their engines just after touching down the runway after landing. In order to achieve 
the nominal runway exit speed they would slow down by dedicated equipment, for example, 
similar to that used by the today’s aircraft navy carriers. After leaving the runway, these 
incoming aircraft would be picked-up by the autonomous robots and driven to the parking 
stands (there would be no parking area as such). At the stands, docking station (based on the 
lift techniques, for example) would enable passengers and their luggage, and freight to 
undock the aircraft. 

After being boarded by the outgoing passengers and freight, the departing aircraft, would 
be driven from the stands to the runway departure threshold by the autonomous robots again. 
Then the aircraft would take-off by switching its engine on in combination of using the 
dedicated runway equipment, which would provide a green energy for the aircraft 
acceleration and take-off. 


Landside Area 

In the landside area, the passenger terminal complex will likely be a centralized 
underground construction. The arriving passengers and their baggage would be disembarked 
using the extended escalators, which connect their aircraft to the arrival gates and baggage 
claim area. Their baggage would also be automatically transferred to the most convenient 
baggage claim devices in the baggage claim area. After collecting their baggage, these 
passengers would take the people’s movers to transfer to the exits located most conveniently 
to the stations of public airport ground -access systems or to the car parking area(s). Before 
finally leaving the entire area, the passengers would leave their travel identity cards as 
evidence. In case of the decentralized terminal concept, the people’s movers would 
immediately transfer the passengers to the station of the dedicated airport access system(s). 
Their baggage would be transported in parallel. After reaching the arrival hall of the urban 
passenger terminal, these passengers would disembark from the ground access system(s), 
enter and then collect their baggage in the baggage claim area, and finally leave the terminal 
complex, again after leaving their travel identity cards. 

The departing passengers would pass the similar procedure as in the conventional 
corresponding case if passing through the underground centrally located terminal. They 
would arrive at the airport at the dedicated underground level by one of the airport-ground 
access systems. By the escalators and/or by the vertical lifts, they would arrive at the 
departure hall, where check-in procedure would take place, manually, semi-, and/or fully 
automatically, thanks to the specific check-in devices using the travel identity cards. In 
addition, since entering the area means been identified at the entrance, all passengers would 
continue to be permanently monitored and checked several times before reaching the 
departure gate. Since the entry would be controlled and allowed only based on the travel 
identity cards, it would be banned to the passengers’ accompanies, i.e. these would not be 
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able to proceed further than the terminal entry. In some cases, the automated check-in devices 
would be located close to the car parking areas and the stations of public transport systems. 
These passengers, after self check-in, would drop their baggage into the dedicated area from 
where it would be automatically transferred to the required departure gates/aircraft. 

The departing passengers using the decentralized terminals would carry out the complete 
check-in and the security check there, before boarding the dedicated ground access system, 
which would transport them directly to the common departure hall at the airport, From there, 
they would be, by the escalators and people’s movers, transferred directly to the aircraft at a 
given departure lounge/gate . 


10.4.4. Some Possible Effects 
The proposed concepts of the future airports have both advantages and disadvantages. 


Advantages 
The possible advantages are likely to be direct and indirect. The main direct operational 
advantages are likely as follows: 


e The underground design and construction of the passenger terminal complex in case 
of the centralized location and in the scope of the passenger terminals operated also 
by the other transport modes in case of the decentralized location save the space in 
the airport airside area, leaves it free from the obstacles, and enables the airport 
operations under all weather conditions; 

e The improved security by a permanent monitoring of each individual passenger and 
his/her baggage from the moment of entering the airport area to the moment of 
boarding the aircraft, and vice versa; in addition, several security checks based on the 
travel identity card contribute to strengthening the security within the airside area; 

e In case of the centralized terminals, the efficient and effective movement of 
passengers and their baggage, by using the automated facilities and devices, people’s 
movers and the extended elevators, between the entry of the terminal and the 
departure gates, and vice versa. 

¢ Incase of the decentralized terminals, passengers would use the dedicated high-speed 
transport systems to travel from the terminal area to the departure airport gates (the 
aircraft), and vice versa. The duration of a trip would be acceptable (for example, no 
longer than 30 min). Because of the automated check-in at the terminal in the city, 
the departing passenger would be able to reach their aircraft without changing a 
vehicle, and vice versa, at the arrival; 

e A flexible use of the aircraft apron parking stands, will enable their more efficient 
utilization; 

e The efficient and effective aircraft handling at the apron/gate parking stands would 
be provided thanks to the pre-checking of passengers, their baggage, and freight; 
these all will require less personnel at the scene, which in turn would increase the 
overall security within the system; . 

e Because of removing the passenger terminal complex, the taxiways could be shorter; 
in addition, aircraft would be parked closer to the runway(s) as compared to the 
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existing scheme, which both could contribute to less taxiing and consequently 
reducing of the airline operational costs. 


Some indirect advantages are likely as follows: 


e Dislocation of the airport landside and airside area would have significant 
implication of the further relocation of the other areas, facilities, and related 
operations-activities towards the city. These would be the airport ground-access 
systems of the other transport modalities, parking area(s), and the other 
commercial/leisure facilities. In terms of distance and time, the airport terminal 
complex and the related facilities would be closer to their users, passengers and the 
airport employees, which would reduce the number of people working in the airport 
airside area. Consequently, maintaining the airport security would likely be 
alleviated. As mentioned-above, the overall impact of aircraft operations on the 
distant runways on the environment and people in terms of noise and air pollution 
would be diminished substantially; 

e Development of these airports as the multimodal nodes would reduce the overall 
transport costs, enable more efficient utilization of transport modes involved (mainly 
air/rail), and diminish the impact of air transport on the environment; 

e The departure/arrival apron gates and the runways located far away from the cities 
(i.e. highly density populated area) could serve several relatively close cities; in 
addition, several runways could be dispersed around a single large agglomeration, 
and consequently be specialized for serving particular categories of aircraft/traffic 
exclusively; both in turn could decrease the number of required airports, 
consequently reduce the city pairs to be connected by a less complex air route 
network requiring a rather simplified ATC procedures and lower ATC workload; and 

e Thanks to locating the runways far from the urban agglomerations, today’s 
environmental constraints would be significantly mitigated if not completely 
removed in all terms, land take and use, noise, and air pollution. 


Disadvantages 
The main disadvantages of the above-mentioned concepts of the future airports are likely 
to be as follows: 


e The relatively high investment costs, particularly in the underground construction of 
the centralized terminals and dedicated transport systems in both concepts; 

e The lack of flexibility for expansion of both but particularly the underground 
centralized terminal concepts; and 

e The inherent vulnerability of all underground constructions to disruptions such as the 
earthquakes, fires, traffic accidents, flooding, etc; the protective and mitigating 
measures could be expensive. 


The Future Airports 259 





REFERENCES 


ACI, (1998), Creating Employment and Prosperity in Europe, A Study of the Social and 
Economic Impacts of Airports, Airport Council International Europe, Geneva, 
Switzerland. 

ACI, (2002), Airport Charges in Europe, Airport Council International Europe - Report, 
Geneva, Switzerland. 

ACI, (2005), Building the Future: Paying for the Airports of Tomorrow, Airport Council 
International, Geneva, Switzerland. 

AEA, (2007), AEA Yearbook 2000-2006, Association of European Airlines, Paris, France. 

ATS, (2008), ““Aeroprts de Paris and Schiphol Group Create a Laeding Global Alliance in the 
Airport Industry”, Air Transport News, newsletter@airtransportnews.aero. 

BAA, (2005), Heathrow Airport Interim Master Plan: Draft for Consultation, British Airport 
Authority, London, UK. 

BCG, (2004), Airports-Dawn of New Era: Preparing for One of the Industry’s Biggest Shake- 
Ups, Boston Consultancy Group, Munich, Germany, p. 36. 

Boatright, J., (2001), Aviation Gridlock: Airport Capacity Infrastructure - How Do We 
Expand Airfields?, Delta Airlines, Atlanta, USA. 

Boeing, (1998), Evolution of the World Fleet: Time Line, Boeing Aircraft Company, Seattle, 
USA, http://www.boeing.com. 

Brochard, M., (2007), “Let Us Imagine the Airport of the Future, EUROCONTROL, Bretigny, 
France, p. 14. 

Brueckner, J. K., (2002), “Internalization of Airport Congestion”, Journal of Air Transport 
Management, Vol. 8, pp. 141-147. 

BTS, (2007), Air Carrier Market Share at U.S. Airports, Bureau of Transport Statistics, 
Washington D.C., USA, www.transtats.bts.gov/airports.asp. 

CAA, (2001), Quality of Service Issue, Consultation paper, Civil Aviation Authority, 
London, UK. 

CAA, (2002), Noise Trends and Controls at UK airports, UK Civil Aviation Authority, 
London, UK. 

CAA, (2006), UK Airport Statistics, Civil Aviation Authority, Economic Regulation Group, 
London, UK. 

CEC, (1995), High-Speed Europe, High Level Group 'The European High Speed Train 
Network, Commission of the European Communities, Directorate General for Transport, 
Brussels, Belgium. 

DETR, (2002), The Future Development of Air Transport in the United Kingdom: South East, 
A National Consultation Document, Department for Transport and Regions, London, UK. 

Doganis, R., (1992), The Airport Business, Routeledge, London and New York, UK. 

EC, (1998), Interaction between High-Speed Rail and Air Passenger Transport, Final Report, 
Action COST 318, European Commission, DG VII, Luxembourg. 

EC, (2001), Statistical Yearbook: Transport — 2001, European Commission, Luxembourg. 
EC, (2002), Developing EU (International) Rail Passenger Transport, OGM -Final Report 
European Commission, Directorate General Energy and Transport, Brussels, Belgium. 
EC, (2003), Analysis of the European Transport Industry, European Commission — DG 

TREN, Final Report, Brussels, Belgium, p. 258. 


260 Milan Janić 





EC, (2007), “The Air Transport Agreement between the US and European Union’, Official 
Journal of the European Union, Luxembourg, No. 1.134, p. 41. 

ECMT, (2003), Airports as Multimodal Interchange Nodes, Conclusion of Round Table 126, 
European Conference of Ministers of Transport, Paris Cedex 16, France, p. 4. 

EE, (2001), Airport Cost Allocation, Report for the CAA by European Economics, European 
Economics, London, UK. 

EEC, (2001), Review of Research Relevant to Rail Competition for Short Haul Air Routes, 
EUROCONTROL Experimental Centre, Paris, France. 

FAA, (2003), Aviation Policy and Plans (APO), FAA OPSNET and ASPM, Federal Aviation 
Administration, Washington, D.C., USA. 

FAA, (2004), Airport Capacity Benchmark Report 2004, Department of Transportation, 
Federal Aviation Administration, Washington DC, USA. 

FAA, (2005), FAA Aerospace Forecasts: Fiscal Years 2006-2017, U.S. Department of 
Transportation, Federal Aviation Administration, Office of Policy and Plans, Washington 
DC, USA. 

FAA, (2007), FAA Operations and Performance Data, Department of Transportation, 
Federal Aviation Administration http://www.apo.data.faa.gov/), Washington DC, USA. 

Fraport, (2001), Frankfurt Airport: Environment — Noise Reduction, Fraport AG, Frankfurt, 
Germany. 

GAO, (1996), Airport Privatization: Issues Related to the Sale or Lease if U.S. Commercial 
Airports, GAO RCED/97-3, U.S. General Accounting Office, Washington D.C, USA. 
Goerling, H. K., (2002), The Airports of Tomorrow: A 20/20 Look at Ways to Achieve 2020 

Requirements, Memo, Washington DC, USA. 

Horonjeff, R. and McKelvey, X. F., (1994), Planning and Design of Airports, 3" Edition, 
McGraw Hill Book Company, New York, USA. 

IEA, (2006), Hydrogen Production and Storage: Research and Development Priorities and 
Gaps, International Energy Agency, Paris, France. 

ITA, (1991), Rail/Air Complementarity in Europe: the Impact of High-Speed Rail Services, 
Institute du Transport Aérien, Paris, France. 

Janic, M., (1993), “A Model of Competition between High-Speed Rail and Air Transport”, 
Transportation Planning and Technology, Vol. 17, No. 1, pp. 1-23. 

Janic, M., (1997), Liberalization of the European Aviation: Analysis and Modeling of the 
Airline Behavior’, Journal of Air Transport Management, Vol. 3, No 4, pp. 167-180. 
Janic, M., (1999), “Multicriteria Evaluation of High-Speed Rail, TRANSRAPID MAGLEV 
and Air Passenger Transport in Europe’, 5” NECTAR Conference, Delft, the 

Netherlands. 

Janic, M., (2003), “dn Assessment of the Sustainability of Air Transport System: 
Quantification of Indicators”, 2003 ATRS (Air Transport Research Society) Conference, 
10-12 July, Toulouse, France . 

Janic, M., (2005), “Modeling Charges for Congestion at an Airport”, Transportation 
Planning and Technology, Vol. 28, No. 1, pp. 1-27. 

Janic, (2007), The Sustainability of Air Transportation: A Quantitative Analysis and 
Assessment, Ashgate Ltd, Aldeshot, UK. 

Janic, M., (2008), “The EU-US ‘Open Skies’ Agreement: The Problem with Airport Capacity 
at London Heathrow Airport (UK)”, Proceedings of the 2"? AIRNETH Annual 
Conference, Den Hague, the Netherlands, p. 26. 


The Future Airports 261 





Janic, M., (2008a), “The Future Development of Airports: The Multidimensional 
Examination, Transportation Planning and Technology, Vol. 31, No. 7, pp. 113-134. 
Kaiser, J., Zografos, G. K., (2006), “SPADE- Supporting Platform for Airport Decision 
Making and efficiency Analysis”, 10™ ATRS (Air Transport Research Society) 

Conference, Nagoya, Japan, p.19. 

Korycinski, P. F., (1978), “Air Terminal and Liquid Hydrogen Commercial Air Transports”, 
International Journal of Hydrogen Energy, Vol. 3, No. 3, pp. 231-250. 

Nilsson, J. E., (2003), Marginal Cost Pricing of Airport Use: The Case for Using Market 
Mechanisms for Slot Pricing, VTI-Notat- 2A-2003, MC-ECAM project, Swedish 
National Road and Transport research Institute, Stockholm, Sweden. 

Schiphol Group, (2006), Annual Statistical Review (1999-2004), ZG Schiphol, the 
Netherlands. 

SDG, (2006), Air and Rail Competition and Complementarity, Steer Davies Gleave, Study 
prepared for European Commission DG Energy and Transport, London, UK n. 

SHandE, (2002), Study on the Quality and Efficiency of Ground Handling Services at the EU 
Airports as a Result of the Implementation of Council Directive 96/67/EC, Report to the 
European Commission, International Air Transport Consultancy, London, UK. 

Schmidtchen, U., Behrend, E., Pohl, H. W., Rostek, N., (1997), “Hydrogen Aircraft and 
Airport Safety”, Renewable and Sustainable Energy Reviews, Vol. 1, No. 4, pp. 239-269. 

UIC, (2008), High Speed Rail: Fast Track to Sustainable Mobility, Union Internationale des 
Chemins de fer, Paris, France. 

Yamanaka, S., Karlsson, J., Odoni, A., (2005), “Aviation Infrastructure Taxes and Fees in the 
United States and the European Union”, 85" TRB (Transportation Research Board) 
Annual Conference, Washington DC, USA, p. 15. 


Chapter 11 


CONCLUSIONS 


Airports are considered as the basic part of the air transport system’s infrastructure. In the 
past, they enjoyed the relatively stable operational and economic conditions mainly thanks to 
the regulated airline industry. The latter implied the agreed flight routes, frequencies, and the 
aircraft size, which were making the airport demand in terms of the air transport movements 
and the passenger and freight volumes relatively easily predictable with high certainty. The 
only factors affecting this demand were those factors actually affecting its driving forces such 
as GDP, airfares, political crises, and consequently the cost of inputs in terms of labor, 
material, and energy (fuel). Under such conditions, the analysis, forecasting, planning, and 
design of airports were carried out in the form of Master Plans developed for the forthcoming 
medium- to long-term period (about twenty years ahead). 

Deregulation and liberalization of the air transport industry, which have enabled airlines 
free choice of routes, flight frequencies, the aircraft size, and the airfares, have drastically 
changed the position of particular airports. Some of them have continued to be attractive for 
the airlines and their alliances some have been abandoned, and some mainly regional ones 
have started to host the LCCs (Low Cost Carriers). In all cases, stability of the airport traffic 
and of the prospective growth have become crucially dependent on the market/financial 
strength of the major airlines as well as on the airport’s capability to satisfy their diverse and 
in some cases their very specific needs. In addition, the operational and the environmental 
constraints mainly in terms of noise, air pollution, and land use (take) at many airports have 
also strengthened, thus balancing their airside and landside capacity, but growing an 
inherently unstable and uncertain demand increasingly complex, at least in the medium- to the 
long-term periods of time. 

Congestion and delays of the arriving and departing aircraft/flights have been the 
common outcome from such the demand/capacity imbalance. At many busy airports and 
particularly on those operating under the other (mainly environmental) constraints, congestion 
and delays have grown. Consequently, identified as the important contributors, these airports 
in co-operation with the ATC/ATM (Air Traffic Control/Management) have developed short- 
and long-term measures to mitigate these congestion and delays. The former set of measures 
has generally included constraining the demand to the level of the available capacity by using 
exclusively and/or in combination the institutional, operational, and the economic 
instruments. This has also implied guaranteeing the average delays to each atm (air transport 
movement). The latter set of measures has included expansion of the airport airside and 
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landside capacity, i.e. construction of the new runways, and passenger (and freight) terminal 
complexes. Consequently, the characteristic layouts of airports have crystallized. For 
example, the airside area has contained a single runway, exclusively or in combination one or 
few pairs of the parallel runways, a pair of crossing runways, and combinations of the above- 
mentioned layouts. In some cases, the parallel runways have been designed close to each 
other, which has prevented their independent operation and consequently compromised the 
capacity of the given runway system. The apron/gate complex has been designed to enable 
use of the parking stands by different aircraft types, which has increased flexibility of its 
utilization. In the landside area, the various concepts of passenger terminal complex have 
been designed. The characteristic ones have been the linear, transporter, satellite, finger or 
pier, and the ‘hybrid’ concept as combination of the previous ones. These concepts have 
possessed the advantages and disadvantages in terms of flexibility for handling the different 
patterns of the airline operations, mainly the ‘hub-and-spoke’, and the ‘point-to point’. In 
addition, the dedicated design of the passenger terminals for the conventional (legacy) and the 
LCCs has been distinguished. 

Development of particular large airports as the multimodal transport nodes has 
specifically influenced a design of their landside area. This has implied, in addition to 
connecting these airports to the catchments’ areas by the conventional local rail links, 
including them into the long-distance railway network(s). The latter has taken place 
particularly in Europe after some large airports had been included into the HSR (High-Speed 
Rail) network. At these airports, the dedicated rail stations, as either the ground or the 
underground constructions, have been constructed, thus making the layout around the 
passenger terminal complex different than it would have been otherwise. 

The above-mentioned developments and the inherently uncertain volume and structure of 
demand have initiated modifications of the traditional airport Master Planning methodology 
through increasing of sophistication of both forecasting the demand and planning and design 
of the alternative solutions for providing the capacity to cope with such demand. The former 
has usually implied developing the scenarios for the future growing but inherently volatile 
aircraft, passenger, and freight volumes. The latter has included solutions for more efficient 
utilization of the existing and construction of the additional airport airside and landside 
infrastructure, much more cynically, flexibly, efficiently, and effectively. Consequently, the 
concept of the airport DSP (Dynamic Strategic Planning) has emerged. This concept has been 
implicitly discussed throughout the book and particularly extended by developing and 
emphasizing the necessity for carrying out the multidimensional examination of the existing 
and the future airports. This has included dealing simultaneously and respecting the mutual 
interrelations between the airport infrastructural, technical/technological, operational, 
economic, environmental, and social dimension. 

Finally, an analysis of the future airports has shown that there may be substantive 
distinctions of these from the existing airports. One of the most transparent distinctions could 
include the spatial separation of the airport airside and landside area, expected to be in such 
case, connected by the ground, and/or underground HSR (High-Speed Rail) links and 
services(s). The second distinction may imply a predominantly underground construction of 
the passenger (and freight) terminal complex, in cases of the integral spatial design of the 
airport airside and landside area similarly as today. Last but not least, the future airports may 
need to provide a double fuel supply systems, at least during the transition period from the 
conventional (jet) fuel to the alternative (presumably) LH2 (Liquid Hydrogen) fuel. The future 
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will show if such planning, design and development of airports will remain only a vision from 
the present perspective or become reality, of course, if they prove to be feasible regarding the 
interests of particular actors involved under the circumstances being in place at that time. 
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